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PREFACE. 



Any reader expecting this book to consist of a compilation of the 
so-called " systems " of Wireless Telegralphy will be deceived. I fail 
to see that such a compilation would be of use to anyone, believing 
rather that a simple and comprehensive unfolding of the fundamental 
principles and working methods of modern telegraphy by means of 
electric waves is the more appropriate. On these grounds I may 
claim the right to term my work objective. Besides, I can draw on the 
abundant store of personal practical experience I was able to gather 
as manager of the important experimental stations on the Baltic Sea 
(Sassnitz-Gross-Moellen) for Professor Braun, Siemens & Halske. 
Hence I hope to create interest in wider circles for this rapidly 
growing branch of science and technology, as well as to perform 
some service to those more closely concerned with the subject, by 
combining theory and practice. 

It is for me a welcome duty to offer my thanks in this place 
to Dr L. Mandelstam, for his advice and skilful co-operation in 
the most recent attempts to develop a selective system of wireless 
telegraphy. I am also greatly obliged to the Gesellschaft fiir 
drahtlose Telegraphic *' Telef unken," of Berlin, for the use of blocks 
and photographs, and also wish to express my thankfulness to 
Mr M. G. Fox, for his kind assistance in revising the English 
style of the manuscript. 

G. EICHHOEN. 

Zurich, January 1906. 
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WIRELESS TELEGRAPHY. 



CHAPTER 1. 

INTRODUCTION. 

The historical development of wireless telegraphy may be summar- 
ised briefly. 

Every physicist knows that the scientific foundations were already 
most widely laid. 

Michael Faraday's original and ingenious ideas of interpreting the 
action of forces at a distance broke the ice, and, transplanted into the 
brain of a Clerk Maxwell, generated that undying masterpiece, the 
electromagnetic theory of light. Rays of light, radiant heat, and rays 
of electrical energy, must be thoroughly identical in character, differ- 
ing merely in the dimensions of their wave lengths : they must all be 
based upon electromagnetic oscillations in the all-penetrating universal 
ether, in which they spread at the same enormous velocity of 186,000 
miles per second. Equally ingenious with the theory was the long- 
delayed proof advanced by Heinrich Hertz with his renowned investi- 
gations into the propagation of electrical energy. Besides, the laws of 
oscillating discharges for the generation of periodic electromagnetic 
vibrations were known through the labours of Helmholtz, William 
Thomson (Lord Kelvin), and Gustav Kirchhoff, and had been verified 
in all their details by that rarely-endowed experimenter Feddersen. 
The experimental conditions with which they worked, however, were 
not adapted for action iat a distance, this being first accomplished 
by the special form of Hertz's arrangements. The uniform subjection 
of all radiant phenomena to the same laws then became clearly 
apparent, and we learned how to guide the mechanism of the ether 
at pleasure and to detect the results of its action at distant stations. 
Signalling, by means of electrical waves, through the free universal 
ether was made possible, and wireless telegraphy was born. If it be 

1 
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desired to speak of a "system" at all, it would be only just to talk of 
the Hert? system of electrical-wave telegraphy. As a matter of fact, 
in point of principle, there is nothing in modern wireless telegraphy 
that was not contained in the above-mentioned stage of development, 
brought to such a brilliant conclusion by the labours of Hertz. 

Nevertheless, considerable time elapsed before the new revolu- 
tionary discovery found application in practice, this being impossible 
so long as one was restricted to the delicate appliances with which 
Hertz detected the propagation of electrical radiation. 

In 1890 this obstacle was finally overcome, through the discovery 
by a French physicist, Branly, of a phenomenon which led to the pro- 
duction of the coherer, the soul of practical wireless telegraphy. In 
1894 Lodge first employed the coherer for laboratory experiments. 
It was not, however, until 1895 that the use of a coherer outside the 
laboratory came into notice through Professor PopofF, who exhibited 
before the Military Academy in Cronstadt a registering device for 
aero-electrical discharges, wherein the electrical impulses were automa- 
tically indicated by means of a coherer in conjunction with a tapper. 

The decisive turning-point was reached in 1896, by the labours of 
Guglielmo Marconi, who made a definite attempt to elaborate a system 
of wireless telegraphy by means of electric waves. True, he stood 
upon the secure foundation of the ingenious experiments of Hertz ; 
but the persistence and skill with which he contrived to overcome 
the practical difficulties in his way, cannot be sufficiently admired. 
Thus Marconi was the first to actually telegraph over a distance of 
many miles without wires, thereby winning lasting renown. 

However, the capacity of his instruments soon reached a limit. 
In Germany, too, the labours of Slaby-Arco led to no improvement, 
in point of principle; but the course of development was diverted 
into an entirely new channel with unexpected progress by the work 
of Professor Ferdinand Braun, of Strassburg. 

By complete mastery of the existing material, well-designed 
application of scientific principles and appropriate use of technical 
appliances, he created the basis on which wireless telegraphy is now 
everywhere conducted. To the personal modesty of Professor Braun 
nothing is more objectionable than the fruitless conflict over the so- 
called " systems " : and he would be the first to put an end to the 
envious and distracting outcry raised by the companies engaged in 
exploiting wireless telegraphy, and to use the name "Hertzian 
Electrical- Wave Telegraphy " as the worthiest title possible. 
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THE ETHER AND ELEOTRIOAL OSCILLATIONS. 

THE ETHER. 

The processes with which we have to deal in wireless telegraphy 
are carried on in that infinitely tenuous medium known as the ether, 
which penetrates all matter, and yet seems to stand in a very definite 
relation to it. 

Almost contradictory to such a property is the extreme elasticity 
of the ether, by reason of which periodic vibrations are transmitted 
with a velocity which though finite is none the less enormous, 
namely, 186,000 miles per second. 

One side of the physical character of the ether is revealed by its 
elastic tension, which is well defined both in value and direction, as 
may be shown by the lines of electric force. Tension curves of this 
kind form the electric field, and have their beginnings and ends in 
the bodies by which the field is excited. 

Another physical property of the ether reveals itself in a kind of 
motion. Here we have apparently to do with a rotation or torsion 
of minute ether particles; and to this frictionless motion without 
change of position of the particles themselves the name " magnetic 
field " has been given. 

There is still another manifestation of force by ether, namely, 
gravitation; but up to the present its nature has not been 
determined. 

The electric and magnetic conditions of the ether have an 
invariable mutual relation, from which the laws of a periodically 
varying condition, the electromagnetic field, have been deduced. 
This forms the mechanism by means of which the rapid vibrations 
of ligM, with their delicat/e wave-curl, spread out in a similar manner 
and at the same velocity with the far slower oscillations of corre- 
spondingly greater Wave length employed in wireless telegraphy. 

3 
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Electric and magnetic forces are mutually perpendicular; and, 
as we have to deal with transverse vibrations, the electromagnetic 
energy is transmitted at right angles to both, this being the direction 
of radiation. 

OSCILLATIONS. 

We must now picture to ourselves the method in which electrical 
oscillations originate. 

In the year 1847 Helmholtz first definitely expressed the con- 
ception that, under ordinary conditions, in discharging a Leyden jar 
(fig. 1) with a discharger (the path traversed by the spark being 
represented at F) we have to do with vibrations ; 
that is to say, the electricity flowing through the 
wire of the discharger oscillates to and fro between 
the coatings like a liquid in a U"^^^® when its 
equilibrium is destroyed. 

At the present time this demonstration can be 
fully elucidated. The difference of potential exist- 
ing between the coatings of the charged jar sets 
the electricity in motion. A current is produced, 
and this continues to increase in intensity until a 
maximum value is reached, whilst the potentials 
Fig. 1. — Circuit of concurrently decline to zero. The current in its 
Leyden^^Jar. ^ * onward path now charges the coatings in the 
opposite direction: its intensity sinks to zero, 
whilst the potentials are almost wholly restored. Both the charges 
and potentials are now of the opposite sign to what they were at 
first ; the series of phenomena is repeated, but in the opposite direc- 
tion, being then reversed once more, and so on, until the vibrations 
gradually die away, in consequence of loss of energy, and thus the 
stage of quiescence is reached. We have a permanent transmutation 
of the potential and kinetic forms of energy as in the case of a 
swinging pendulum. 

It was to be expected that the phenomena of the discharge 
would be determined by relations existing between the dimensions 
of the electrical constants of the discharge circuit, namely, capacity, 
self-induction, and resistance, the definition of which terms we will 
assume to be understood. It was not, however, until the theoretical 
investigations of Sir William Thomson (Lord Kelvin) in England and 
Professor Gustav Kirchhoff in Germany, that a clear idea was obtained 
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into the possible eventualities and the conditions to which they are 
subjected. 

We will now proceed to mathematical deductions, valuing the 
above-mentioned constants in accordance with the conditions pre- 
vailing in the appliances used in wireless telegraphy. 

In a discharging circuit in which C represents the capacity, L 
the self-induction, W the total resistance, and E the difference of 
potential between the coatings of the condenser (with a charge, Q), 
the discharge generates a current, i, in accordance with the equation 

E-l| - 

i= — — — , wherein t represents the time. 
W 

Moreover, E =3 andi= — 

C dt 

By substitution we obtain the differential equation 

^ . W dQ Q 
df- L dt'^CL 

This is satisfied by Q = Ae«^ 
Thus we obtain for a the equation 

W 1 

whence 

_W + /VP 
" 2L V 4L2~LC' 

If the roots are real, we have to do with a progressively decreasing 
discharge. If, on the contrary, the roots are imaginary, i.e. if 

JL Z! 
LC^4L2' 

or W<2v/§> 

we obtain, by introducing trigonometrical functions, 

we/ , * , \ 

Q = e (^B^cos^--— +B,smVi:c-4p/ 



Digitized by Google 



6 WIRELESS TELEGRAPHY 

that is to say, the discharge becomes oscillatory, with the periods 

27r 



T = 



/j W2* 

^ LC 4L2 



To determine Bj and Bg, which, although arbitrary, may be taken 
as real, we may employ for our purpose the conditions 

for^ = 0: Q = Qoahd^ = 0. 
This gives Bi = Qo 

Hence we have 

n "21/ , /l W2 W . /I W2\ 

Q = Qo. /cosV^c^4U+ /i w^'^^^^Vlc-4p)' 
\ 2LVlC"S:2 ^ 

/I W2_o t 

By setting ^ V lC " 41? " T ' 

we then have 

Q = Qo« 'Ycos 27r ^+ . • sin 27r |j . 

^ 2L\/ ^ 

The expression in brackets is of the form 

a cosx +6 sinx =c sin {x+<f>\ 
m which represents the phase-displacement and is determined from 

u 

Since c= Ja^+b^ 

then 



2L/ 1 



Q = Qo« / /^j- • sin27r^ + </,\ 
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W2 1 

When, as in our case, ^^-2 can be neglected in comparison with j-^ 
the expression for the duration of the vibration is : 

T = 27rVL6. 

The damping is found from the ratio between the values of two 
successive amplitudes, ie, : 

Wt WT 
" 2L 2L ' 

e 

_ w(e+T) ~^ 

2L 

e 

which may be written as the logarithmic decrement, S : 

Here we may already mention — though the matter will be 
reverted to later — that W does not represent the constant ohmic 
resistance, but constitutes in the appliances for wireless teleg- 
raphy, as in all discharges through the path of a spark, a still 
unknown function of the quantity of electricity, the potential and 
the frequency. 

Hence there is a well-marked limit, defined by W=2w^i 

^ C, 

separating aperiodic discharges from oscillating ones. 

A representation of the progress of aperiodic discharges with two 
different resistances, both situated above the critical limit, is given in 
• fig. 2. During the discharge the potential gradually sinks to zero, the 
time consumed increasing with the resistance. The resulting current 
increases to a maximum, and then sinks to zero again. 

The progress of an oscillatory discharge is graphically illustrated 
in fig. 3, which represents a damped sinonical vibration. The 
potential and the intensity of the current diminish progressively, the 
maximum of the latter, however, coinciding with the zero points of 
the potential, and vice versa. 

In both figures the abscissae indicate periods of time, the ordi- 
nates the momentary potential. Both curves were plotted with an 
improved Helmholtz pendulum, made in accordance with the instruc- 
tions of my esteemed instructor, Professor A. Kleiner of Zurich. 
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Of course, only the oscillations are applicable to wireless tele- 
graphy, and it is evidently a point of extreme importance to keep 
the resistance of the path of the discharge as low as possible. 



I 




Fig. 2, — Aperiodic Discharges. 



CLOSED OSCILLATION SYSTEMS. 

As first employed by Professor Brann, it is now almost universally 
the practice to use a Thomson-Kirchhoff electrical oscillation circuit 
for generating powerful vibrations. 



Fig. 3.— Damped Sinonical Vibrations. 

The sp3cial arrangement of this apparatus is diagrammatically 
illustrated in fig. 4. To represent the capacity it contains two 
groui)s of Leyden jars, CjCg, the outer coatings of which are connected 
together by means of the self-induction coil, L, whilst the inner 
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coatings lead to the sparking terminals F^Fg, the poles of which are 
connected to the secondary poles of an induction coil. 

When the primary current in J is interrupted, an induction 
impulse occurs, charging the one 
inner coating positively and the other 

negatively. When the discharging . ^' 

potential attains a value correspond- 
ing to the length of the spark-gap, 
the opposing electricities are com- 

pensated, the inner coatings through 

the spark-gap, the outer coating 



through the coil L. This compensa- r 

tion is oscillatory, and only possible 



along the path indicated, since the ^-Braun^ dosed Oscillation 

discharge cannot traverse the second- 
ary circuit of the induction ooil, owing to the very high self-induction, 
the excessive inductive resistance of the latter. 
An oscillation circuit of this kind is entirely closed during the 
discharge, but it consists of two symmetrical halves, in which equal 
quantities of electricity move simultaneously in opposite directions, 
so that no appreciable external effect is produced. The case is 
analogous to that of a tuning-fork held freely in the hand absorbing 
a very large amount of energy when struck ; the prongs, however, 
vibrate simultaneously in opposite directions, and the ear is only able 
to detect a very faint sound, even at a short distance. 

To formulate the case in electrophysical terms, it must be stated 
that to each current element belongs a diametrically opposed 
element of equal length and direction; in each the current is of 
equal amplitude and phase, but of opposite sign, regarded from a 
point at a great distance. The distance between the current 
elements is small in conjiparison with the wave length, as the whole 
circuit is small compared with the wave length. Therefore the 
partial-fields of the two current elements act against each other and 
the amplitude at the resulting field nearly equals the difiference of 
the amplitudes of the partial-fields, i,e, they almost compensate each 
other. It may also be said that such a condenser circuit, the 
individual wave length of which is very great in comparison with 
the length of the discharger (L), produces practically no external 
lines of force. Consequently, in accordance with the axiom of 
Poynting, it radiates little or no energy. 
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These preliminary considerations may be summed up by the 
statement that a closed condenser is only siiitable for 
generating electrical oscillations. 

OPEN OSCILLATION SYSTEM. 

From the foregoing it is evident, therefore, that other means 
had to be adopted in order to transmit the electrical energy to a 
distance. This is accomplished by the Hertz oscillator, the principle 
of which can be seen by reference to fig. 5. 

A straight wire, a b (with or without the metal plates C^Cg for 
increasing the capacity), is interrupted by a spark-gap F, connected in 
turn with the secondary poles of an induction coil J. The discharge 
of such an open system also proceeds in oscillations, provided the 



CZ) 



-o o- 

F 

Fig. 6. —The Hertz Oscillator. 

known condition for their production is fulfilled ; and at each semi- 
oscillation the poles of the system become alternately positive and 
negative by the backward and forward flow of the charge. The two 
halves of the wire, however, take up not only potential but also an 
appreciable amount of current, so that lines of magnetic force are 
developed in planes perpendicular to the axis of the wire. The 
conversion of electrical energy into magnetic energy begins after the 
electrical lines of forces have attained their numerical maximum, and 
then commence to withdraw into the conductor. 

Hertz pointed out the peculiar property of the external lines 
of force (those which have extended furthest away from the conductor 
of the electrical vibrations), namely, that they separate from the rest 
as closed lines of force, which pass oflf into space and return no more. 
The initial energy is thus diminished by that appertaining to the 
separated portion, ie. the energy of radiation. 
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These Hertzian rays traverse space with the velocity of light, and 
transmit their energy through great distances. 

The true source of radiation, however, resides, not in the vibrant 
conductor, but at a distance of one quarter wave length therefrom, 
since electrical and magnetic oscillations are mutually retarded, in 
point of time, by a quarter period. Hence, within the first quarter 
wave length, electrical and magnetic forces are alternatively of equal 
and opposite signs, whereby a portion of the energy returns to the 
oscillator. Beyond this limit, however, dififerences of time and 
locality cause the two forces to act in the same sense, so that there 
the point of radiation is to be found. 

Both the electrical and the magnetic forces are of an oscillating 
nature, oscillating in the periods of 
the discharge, an electromagnetic 
wave resulting. Consequently, thd 
wave length can be found from 

V 

the known equation \ = TxV = — ; 



A 



wherein X, T, V express the 
wave length, time of vibration, number 
of vibrations per second, i,e. frequency, 
and velocity of transmission ( = 3'10^® 
cm.) respectively. 

Marconi in the course of his practi- 
cal experiments devised arrangements 
like the one illustrated in fig. 6. This 
will be easily recognised as a Hertz 
oscillator arranged vertically, the one 
half consisting of a wire extending / / / / / / 
high up in the air (aerial wire or ^ EcurfK 
antenna), and the other half of an Fio.^.— Marconi Transmitter, 
earth connection. Marconi himself 

failed to recognise properly the importance of his air wire, believing 
that he had to deal with very small waves, generated at the ball 
terminals and radiated from the entire length of the upright wire 
He was led into this error by the Righi radiator, which he used 
without antennae in his earlier experiments, and in which the 
dimensions of the so-called Righi balls actually determined the wave 
length, which amounted to not more than a few millimetres. 

The complete theory of a rod conductor for electrical vibrations 
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(fig. 7) was enunciated by V. Bjerkness and M. Abraham, from 
whose results we select the following, as specially important for 
our purpose. 

When the ratio of thickness and length of the rod is sufficiently 
small (rod-shaped rotation ellipsoid) we have a decided fundamental 
vibration, the wave length of which is equal to twice the length of 
the rod. 

Tn addition there are formed approximately harmonic upper 
vibrations, which, however, are negligible in practice, their intensity 
being inappreciably small and their cessation occurring earlier than 
that of the fundamental vibration. 

The period of this vibration depends on the dielectric constant 
of the surrounding medium. An antenna covered with insulating 
material is of greater capacity than one of naked wire, and therefore 
gives a somewhat greater wave length. 




Fig. 7. — Rod Conductor for Electrical Vibrations. 



Damping by radiation decreases constantly with the diminished 
thickness of the rods. The importance of the cage antennae, or nets 
used in practice — that is to say, a system of wires laid parallel or 
conically — resides chiefly in the attainment of increased radiation. 
As will be more fully dealt with later, P. Drude has shown that, in 
respect to the increase in the specific periods, such a system of 
antennae is equivalent to a single antenna of large diameter; hence, 
according to the Poynting axiom, these multiple antennae are also 
equivalent, in point of radiation, to a single antenna of greater 
radius (compare also p. 47 et seq,). 

The current distribution of the rod-shaped conductor (antenna) 
may be considered as the superposition of a wave running up to 
the free extremity and of another wave of equal amplitude, but 
opposite sign of current reflected there. A stationary wave is 
formed as represented by the dotted lines in fig. 7 ; whilst the dis- 
tribution of potential is indicated by the continuous lines, and 
is naturally directly opposed to that of the current. Nodes of 
the current are invariably formed at the free ends, i,e, the mag- 
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netic force disappears at these points. The prolongation of the 
antennal axis represents node lines of magnetic force, and the 
radiation of the energy of vibration consequently occurs in a 
lateral direction and not axially. 

The chief effect obtained by Marconi in replacing the one half 
of the excited oscillator by an earth connection was to increase the 
wave length. Earthing acts like reflection, in so far as the effective 
wave length is doubled and is then equal to four times the length 
of the aerial conductor down to the earthing point. In this first 
practical appliance for wireless telegraphy, the energy is both gener- 
ated and radiated. A short examination of the conditions with 
regard to energy will soon enable us to decide on the advisability of 
such a method. 

The energy is determined by the expression -7^ , in which C is 

the capacity and V the discharge potential. The capacity of a 
simple aerial wire is very small. Even if large metal surfaces were 
suspended therefrom, as was proposed by Lodge, the gain would 
be slight ; and in any case a limit is quickly imposed, on practical 
grounds. In fact, the discharge potential alone would come into 
consideration; and this is determined by the length of the spark- 
gap. Now the resistance of the latter increases very rapidly with 
the length, especially when the quantities of electricity passing 
over are small. The damping of the vibrations by resistance is 
excessive, and we soon approach the critical limit of the oscillatory 
character of the discharges. True, Professor Braun, by introducing 
a subdivided spark-gap (which we shall have occasion to describe 
later), enabled this factor of energy to be considerably increased, 
so that it is now possible to transmit signals over a distance of nearly 
two hundred miles by simple Marconi apparatus ; but, as we shall 
shortly see, the development of wireless telegraphy has brought us 
to a territory in which new demands presented themselves. 

At all events, it may be concluded, from these considerations, 
that the best course is to utilise the open oscillation system 
solely for the dispatch of energy. 
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COUPLED SYSTEMS. 

THE COUPLING. 

In acoustics, when it is desired to obtain the maximum tone 
from a tuning-fork, it is necessary to mount the latter on a 
sounding box, or resonator, responding to the same note. Now, we 
have already compared the tuning-fork to the closed circuit of 
electrical oscillations : and the best analogy for the open system is 
the sounding box. The aerial wire and the sounding box fulfil 
identical functions, namely, to transmit to the environment the energy 
of the relatively undamped system with which it is coupled. It is,, 
of course, necessary in electricity also to provide for the fulfilment 
of the condition of resonance (or, better, syntony) between the two 
coupled oscillation systems, in order to increase the radiation of 
energy to a maximum. In this case the store of energy in the 
closed circuit is exhausted most quickly; this arrangement is 
utilised to the best advantage, when as much energy is supplied as 
is radiated. 

With regard to the connection of the closed circuit with the 
open oscillator, Professor Braun distinguishes between "direct 
coupling'* (fig. 8) and "indirect" or electromagnetic coupling 
(fig. 9). However, as we shall see later, there is no fundamental 
difference between them. 

The oscillations are generated solely in the comparatively slightly 
damped condenser circuit of high energy capacity (primary system), 
which is completely closed by the spark-gap in discharging ; and 
they are transmitted thence to the strongly damped aerial wire, i.e, 
an open, uninterrupted metallic path of low energy capacity 
(secondary system). We have here to deal with compulsory 
oscillations. 

14 
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The effective wave lengths are determined by the frequency, 
damping, and coupling. 

THE COUPLING. 

A sufficient definition for the coupling is 
wherein L^Lg represent the coefficients of self-induction of the 



or, 
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Fig. 8.— Braun's Direct Coupling. 



Fro. 9.— Braun's Indirect Coupling. 



primary and secondary systems, L^g the coefficients of mutual 
induction, and t^ = tiT2 the coefficients of coupling. The limits 
for the degree of coupling are determined by 0^t<1. A 
perfectly rigid coupling, t = 1, or LiL2 = I^2' where "all the 
lines of magnetic force of the primary system must traverse 
the current plane of the secondary system, is impossible in 
appliances for wireless telegraphy, owing to the high self-induction of 
the free aerial wire. 
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At the lower end of the same is a coil (the other end of which is 
connected to the compensating counter-capacity " or to earth) for 
effecting the inductive excitation. The larger this coil, the firmer 
the coupling, in consequence of the higher mutual induction, and 
cetei^ pai^bus, the shorter must the aerial wire be in order to maintain 
the self potential of the entire secondary system unchanged. Such 
shortening, however, is effected at the expense of the energy of 
radiation; and it is also counter to the dictates of experience, 
namely, that the aerial wire should be as high as possible in order 
that it may project above surrounding objects. 

In practical wireless telegraphy, the degree of coupling therefore 
varies only between perfectly loose coupling (t = 0) on the one hand, 
and fairly close coupling on the other. With respect to the effective 
oscillations — syntony of the individual systems being assumed — the 
theoretical possibilities are reduced in this manner to two eventu- 
alities. By this means the limits of practicability and the maximum 
results obtainable in any case can be easily surveyed. This we shall 
also see from the theoretical results obtained by M. Wien, discussed 
in Chapter V. 

The coupling may also be appropriately defined in another way. 
If we let \ represent the wave common to both systems in the 
uncoupled condition, and and Xg the resulting deformed waves 
after coupling, the following equations apply, damping being 
neglected. 

For the longer waves, Xi = Xo J1-\-t. 

For the shorter waves, X2 = Xo Jl^^. 

For the degree of coupling t we can deduce, with a fair amount 
of accuracy, a proportionality to ^i^!^. 

In this manner the degree of coupling can also be determined 
experimentally with ease, by measuring the waves present in 
the coupled system with the aid of the ondameter described in 
Chapter VIII. 

COMPENSATING THE AERIAL WIRE. 

Before concluding these general considerations with regard to the 
transmitter of wireless telegraphy, it will be necessary to deal with 
the important problem of the best method of "compensating" the 
aerial wire. 
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Fig. 10. — Secondary System with Symmetrical 
Attachments. 



In fig. 10 the secondary system is again illustrated diagrammati- 
cally in symmetrical arrangements At one end of the coil is the 
aerial wire, and at the other a perfectly equivalent symmetry wire. 
At the symmetrical centre Z - 
we have a potential node, and 
at a and h current nodes. 
These symmetrical arrange- 
ments, on which theoretical 
calculations are based with 
regard to the duration of oscil- 
lation of the entire system, can 
rarely be realised in practice. 
Moreover, the symmetry wire 
has proved unfavourable, in 
consequence of increased damp- 
ing through the generation of 
heat in accordance with Joule's 
law, and through radiation. 
Clearly enough, however, it 
cannot be simply omitted, but 

must be replaced by a more efficient substitute. The importance 
of the symmetry wire, and the best substitute for the same, namely, 
metallic surfaces, were first theoretically elucidated by J. Zenneck. 
This observer formed the conclusion that the point of attack of the 
inductive excitation must be at a place of electrical movement 
(belly of the current), in order to excite oscillations of maximum 
intensity. This certainly seems quite obvious. 

Hence the relative position -of the coupled systems must be such 
as is shown in fig. 11. On the other hand, fig. 12 indicates a false 
relative position, since in this case the primary coil is situated 
opposite a current node in the secondary system. If the symmetry 
wire be cut off in this fashion, it must be supplemented by metallic 
surfaces, so that the belly of the current may return to the right 
position. 

Fig. 13 gives the arrangement then obtained; and it follows — 

not merely from the foregoing, but also from purely theoretical 

considerations advanced by P. Drude — that we have to deal with 

well-defined conditions demonstrating the error of assuming that 

"earthing" is equivalent to a compensating counter-capacity. It 

would be more accurate to say that, in case of need, recourse may be 

2 
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had to earth connection also ; but this is quite impracticable when the 
soil is of badly conducting material Earthing has also the drawback 



L 




Fig. 11. — Correct Relative Position of the Coupled Systems. 



of causing considerable disturbance, by introducing atmospheric 
discharges. 

I have determined experimentally the dimensions of the com- 




UetaJL PlcuU 



Fig. 12. — Incorrect Relative Fig. 13. — Symmetry Wire Supplemented by 

Position of ' the Coupled Metal Plate. 

Systems. 

pensating metallic surfaces, the results coinciding almost exactly with 
the formula (see pp. 50, 55) deduced theoretically by Drude nearly 
a year later. This circumstance, and other experiments made in 
the same connection, lead me to consider it improbable that the 
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earth plays any important part in wave transmission. On account of 
" earth resistance " in this sense, many at present hold the idea that 
the metal surfaces should be as large as possible; but according to 
my researches, with the growing size of the compensating surfaces the 
theoretical size is at first very quickly and then gradually approached 
until we reach a corresponding maximum, which in practice shows 
itself to be the optimum. 

If the aerial wire be grounded, it must of course be borne in mind, 
as already mentioned, that the vibration is thereby lowered; and 
besides — as L. Mandelstam theoretically deduced — the coupling 
becomes closer. 
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THE RECEIVER. 




We will now turn to a brief preliminary consideration of the re- 
ceiving instrument and its development. 

The important component for detecting 
the electrical impulse is the coherer. This 
consists, as shown in figs. 14 and 15, of loose 
metallic powder or granules, packed into a 
small space r between the terminal surfaces 
of two metallic electrodes m, the whole being 
enclosed in a glass or ebonite tube. One 
electrode is connected to the aerial wire 
collecting the electrical impulses, the other 
to the earth. In its ordinary condition, 
the coherer forms an imperfect contact, the 
high resistance of which in the circuit of the 
element E prevents the passage of the 
current. As soon, however, as the electrical 
impulses are received, the resistance of the 
coherer sinks to a very low value. A cur- 
rent then passes, and, by means of a relay, 
actuates a more powerful circuit (Battery 
B), as shown in fig. 15. In addition to a 
Morse instrument, this circuit includes a 
tapper for the purpose of gently shaking 
the coherer into the non-conducting state 
again after each exposure to radiation, and 
thus making it sensitive to new impulses. 
Through shorter and longer radiation we obtain in this manner the 
dots and dashes of the Morse alphabet, and thus wireless messages 
are received. 

20 
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Opinions differ widely as to the actual manner in which the 
coherer acts, and correspondingly numerous theories have been 
advanced. It is hardly necessary to repeat them, beyond giving a 
bibliographical list in the Appendix, to which those who are inter- 
ested in the matter may refer. 

Of importance, however, are the properties of the coherer, which 
have now been definitely established and may be summarised as 
follows. The coherer reacts on fluctuation^ in potential, even when 



Coherer 



VWVHAAAAr 

Relay 



Morse, 



Tapper 



Fig. 15.— Arrangement of Receiving Instrument, with Coherer, Relay, 
Morse, and Tapper. 

the amounts of energy are exceedingly minute and transitory. Its 
sensitiveness to the rapidly alternating differences of potential of the 
vibrations pulsating in the receiver is so enormous that the most 
sensitive galvanometer is inferior by comparison. 

In its ordinary condition the coherer must be regarded as high 
resistance and low capacity ; and it is just these two properties 
that have rendered possible the evolution of the modern receiver, 
which — omitting intermediate stages of development — is illustrated 
diagrammatically in fig. 16. 

In this case, also, coupled systems are employed. A primary 
circuit with the capacity C and the self4nduction is connected 
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with the attachments (aerial wire — counter-capacity). The coherer 
is situated in the completely closed, induced secondary circuit 
with the small capacity and the high self-induction Lg. The 
secondary system is thus developed into an independent and but 

slightly damped form, 
capable of resonance. 
The capacities are 
furnished by variable 
air condensers. 

As we shall soon 
see, a decisive part is 
played by the suitable 
distribution of capacity 
and self-induction, and 
of the degree of coup- 
ling between the at- 
tachments and the 
primary circuit, as well 
as between the latter 
and the secondary 
system. 

Such an arrange- 
ment would be impos- 
sible if the coherer 
had to be regarded as 
a high capacity or as 
a conductor. 

The accurate tun- 
. ing of the receiver to 
the effective oscillation of the sender is not merely possible, but 
essential, especially in the secondary system. The capacity of the 
attachments for the primary circuit, and the small capacity of the 
coherer for the secondary circuit must be reckoned as supplementary 
capacities in tuning. 

If the sender had anything approaching the ideal properties of 
such a highly developed receiver, the sphere of activity of wireless 
telegraphy would be capable of far wider extension than now possible. 




Plate or 
Earth 



Fig. 16.— Receiver with Tunable Secondary Circuit. 
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THEORETICAL RESULTS FURNISHED 
BY TH3E3 SENDER. 

It was stated on p. 12 that the theory of the simple Hertz oscillator, 
in the form used by Marconi, was elaborated by V. Bjerkness and 
M. Abraham. As the Marconi sender now possesses little more than 
historic value, the principal results already given appeared to be 
sufficient. 

With regard to the modern coupled system we are chiefly in- 
debted to M. Wien for his very lucid theoretical explanations, which 
I have the greater inducement to reproduce, inasmuch as they are 
the base of the recent work carried on at the Braun-Siemens Baltic 
experimental station by me in conjunction with L. Mandelstam, 
for the purpose of establishing a system of selective electric wave 
telegraphy, i,e, wireless multiplex telegraphy, which object was 
accomplished with a degree of perfection previously unattained. 

Additional valuable work has been done, especially by P. Drude, 
M. Abraham, and L Mandelstam, in respect of the thorough elucida- 
tion of the phenomena of vibrations in these coupled systems. These 
works we shall have occasion to refer to frequently. 

Coupled vibrating elastic systems had previously been dealt with, 
in a general manner, by M. Wien in his publication on the reaction 
of a resonant system. He took, as a starting-point, the interesting 
acoustic experiments conducted by Warburg in 1868; also the 
theoretical labours of J. von Geitler on undamped coupled electrical 
systems (electric- or force-coupling), and the work of Galitzin and 
Overbeck on magnetic- or acceleration-coupling. In his publication 
On the Employment of Resonance in Wireless Telegraphy^ the 
developed equations were applied to the special conditions of the 
coupled electrical system of wireless telegraphy, more particularly 
in connection with inductive electromagnetic-coupling. 

23 
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In considering the case of resonance, Wien assumed the primary 
and secondary systems as each having a single degree of freedom. 
This is a special instance in the domain of the vibrations of systems 
with several degrees of freedom, the laws of which are elucidated by 
Lord Eayleigh in his " Theory of Sound.'* 

The reasons why very close coupling is impossible in apparatus 
for practical wireless telegraphy have been already stated on p. 15 ; 
and it was on these grounds that Wien very properly neglected the 
square of the damping and coupling in comparison with the square of 
the frequency. 

Hence we have as a starting-point the two simultaneous differ- 
ential equations of the coupled elastic systems for damped oscillations, 
and they run as follows for the force coupling : — 

This furnishes the differisntial equation of the fourth order : 



S+52(A,+A,)+g(V+K,H4AA) 



^j2(W+/hK,2)+Ki2K/(l-r,T,) = ; 

and this in turn, for n=S+iv, the biquadratic equation. 
„ / w*+2(Ai+A>8+(Ki2+K22+4/iAK+2(A2KiHAiK2> 

• I +K/Z,2(l-TiT,) = 0. 

J Y f The roots have the form : — S±ivi 
' land -S2±ip2' 

The same applies to acceleration-coupling, which differs from 
force-coupling in dimensions of the second order alone, which can be 
neglected for tlie electrical system. The two simultaneous differ- 
ential equations for acceleration coupling are 

By introducing the electrical dimensions of the primary and 
see( ndary systems : 
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and for the resistances, 
Lj and Lg for the self potentials, 
Cj and Cg for the capacities, and 

for the coefficient of mutual induction, 
we have the 

Number of vibrations in 2 tt seconds . . Ki^ = -J— -; TL^-- ^ 



Damping = A .... = ^^""5* 

Coefficient of coupling = t . n = . . Tg = . / 

Consequently for the oscillating potential V of the electro- 
magnetic coupled system, we have : 

Cg Yl ^i^Jl=0 

I ^^2 ^ dt L2C2 

With the individual systems in perfect syntony, the number of 



VI. 



oscillations per 27r seconds will be : 7*1 = 



The coefficients of coupling : n = ^ '^"2 = • 

^2 ^1 

According to IV. the solution of the differential equations must be 

Vi = Aie-«i«sin {v^t + <f>;)+^^e-^^^m {v^+yjr^ 
¥2 = A^e-^i* sin {v^t + ct>^) + B^e-^'%in {v^t + yfr^). 

Hence there are formed, in general, two common but 
mutually independent oscillations, differing in number, 
and 1/2, and in damping, and ^2- 

The relations of the amplitudes Ag/A^, Bg/Bj, and v-^v^, ^i^2> 
determined by the constants and n^, hj^ and h^y ti and T2, of the 
individual systems. The absolute values of A^B^ and the phase 
constants 0i^2» '^i'^2> arbitrary, or rather depend on the initial 
conditions, i.e, on the method of exciting the oscillations. 

The relation between the amplitudes in both systems is determined 
by the following equation, in which the influence of the damping (S^^) 
may be neglected with reference to the number of oscillations (p^^). 
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and accordingly 



The roots of our equation of the fourth degree (III.) are (IV.) : 
dztVi - = ±i (Q - R) - - S) 

±i.2-52=±^ (Q+R)-(^if^*+s), 

, wherein Q = y|I^; ^^J^T^+m±(^-W. 

and a=V+<+^^^^; 6=-(Al-*2)(V-«2')• 
a - 4c = ( V - - (2/'i - Kfi^i" + O + 4tSX' • 
It is now necessary to consider that in coupled systems of wireless 
telegraphy we have to deal with very unequal damping of the com- 
ponent systems. For the case of resonance (ni=n^=n), we shall 
have 

a = 2w« - ^-^^i^, J = 0, a* - 4c = - 4(Ai - h^)V + 4t%* . 

Q.«yrf,R-yS^,S=0. 

We have now to distinguish between two classes — 
Class A, in which the coupling predominates ; 
Class B, in which the damping is the prime factor. 

Class A is limited by rw > \ - h^. 

Hence 01 = 00 — 2" 
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or, since i^n^ may be neglected, for reasons already given : 

Besult: Equal damping and unequal number of oscilla- 
tions. 

Class B is limited by T^< ^1-^2- 
Then 1/^ — 1/2 = %, 

and • 5, = V+A+i s/ ih,-\y-r'n\ 

or approximately, 

Kesult: Equality in the number of oscillations, but un- 
equal damping. 

Before going on to discuss further the two classes, we will briefly 
summarise a purely general theory enunciated by L. Mandelstam for 
any coupled sender, the damping being assumed as slight. 

For an arrangement with m closed oscillation circuits, in which 
and ^ represent the equal capacities and self-inductions respec- 
tively, we have for the fundamental oscillation, 

wherein G = 7nc and P = mp, denoting respectively the total capacity 
and self iuduction. 

For m— 10, the bracketed fraction differs from 1 by merely a small 
percentage, i.e. with reference to the fundamental oscillation such an 
arrangement replaces (m being sufl&ciently large) an open system 
(aerial wire) of equal self-induction and capacity. This applies 
equally to the distribution of current and tension. 

In the case of two coupled systems, the primary closed and the 
secondary open, Mandelstam established for calculating the fre- 
quency n the equation, 

J_-C vi -^2 /K sin n JlM sin n JLE J^ . 
L^t ^^^"L^V L sin 7ijLE{l + l^) ' 
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and for calculating the current amplitudes A and B, 



A(i— Li7i2)-M/i2B = 0; 
AMn^+il^n^-f) B = 0. 



Here and L^, and Lg, represent the capacity and self-induction 
of the primary and secondary systems respectively ; M the coefficient 
of mutual induction; E and L the capacity and self-induction per 
unit of length ; I and l-^ the lengths of the secondary attachments 
/ a trigonometrical function dependent on Uy c, and m. 

The equation for the frequency has an infinite number of real 
roots corresponding to the upper oscillations. In the interval, 

>n>Q , 



there are two real roots, corresponding to the two main oscillations. 




s e 

Fig. 17. — General Scheme for Coupled Senders. 

These two deepest oscillations alone come under consideration in 
practice ; and one of them is deeper, the other higher, respectively 
than the deepest and highest individual oscillations of the two 
systems. 

Mandelstam also shows how the direct coupling (fig. 17) can be 
traced back to the inductive coupling, the unity of principle having 
been previously demonstrated by J. Zenneck. All the equations 
concerned retain their form, provided Lj be understood to represent 
the self-induction a ^8 y, Lg the self-induction ^ ^8 e, and M thai of 
the portion of Lj and Lg common to both. The direct coupling 
possesses the advantage that, in order to obtain the same degree of 
coupling, the number of windings in the aerial wire can be smaller 
than with inductive coupling. 
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We will now revert to the special deductions of Wien, the results 
of which may be formulated as follows : — 

A. In close coupling (but not quite fast coupling, which, as re- 
peatedly mentioned, is practically impossible), when given absolute 
syntony of the component systems, one of the resulting oscillations 
is as much above the common specific tone as the other is below it. 
Both have practically the same damping, namely, equal to the arith- 
metical mean of the dampings of the component systems. 

In consequence of the unequal freqnency of the two resulting 
oscillations, beats occur throughout the entire oscillation, and occa- 
sionally give rise to increased amplitudes of potential. Wien also 
shows that if the specific tones of the component systems did not 
exactly correspond, the resulting frequencies would be more diver- 
gent than in case of syntony (perfect resonance). Beats are then 
present at the outset only, and disappear the sooner the greater the 
difference is in the two frequencies. 

B. In the case of loose coupling — i.e, when damping is the prime 
factor — only a single oscillation is effective, the numerical value of 
whose frequency coincides with the common specific tone of the 
component systems (which should be equalised as closely as possible, 
in order to obtain maximum resonance). The damping is slight, 
since by means of perfectly loose coupling it can be reduced to 
the relatively small value of the damping of the primary circuit. 
(Theoretically there result two equal frequencies with very diver- 
gent damping; but the one damping is enormous, nearly equal to 
that of the open system, so that the corresponding oscillation, which 
is of weak energy, disappears almost immediately, and can therefore 
be practically disregarded.) 

COMPARATIVE MEASUREMENTS IN THE SENDER. CONSEQUENCES 

OF THEORY. 

In the measurements performed at the Baltic experimental 
stations the results obtained were completfely in harmony with 
those of theory. 

In the resonance curves (fig. 18), obtained with the aid of the 
ondameter, the description^ and functions of which will be found in 
Chapter VIII., the abscissae correspond with the wave lengths, the 
ordinates with the squares of the current intensities which are 
registered by the Eiess thermometer of the ondameter. 
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The curve in full lines refers to class A (close coupling). 
Two waves result: \i = 230 metres, and X2=330 metres. 
In this case the dampings are unequal because the specific wave 
lengths of the component systems were unequal, measuring \ prim. 

260 metres and X sec. 280 metres 
respectively. 

The resulting deeper oscillation 
is the more slightly damped one, as 
indicated by the dotted curve. The 
latter is obtained by artificially in- 
creasing the damping in the reson- 
ance circuit, whereby the already 
strongly damped upper oscillation is 
influenced to a smaller extent than 
the less damped deeper oscillation. 

Class B (loose coupling) is indi- 
cated by the curve 

(the component systems were in 
syntony in this measurement). It 
reveals the presence of only a single 
effective oscillation ; and at the same 
time a comparison of the resonance 
curves with the corresponding level 
of the flow in the aerial wire 
(marked by horizontal lines in the 
figure) confirms the fact that the 
damping has throughout the lowest 
value in loose coupling. 

Turning again to the measure- 
ment in class A, and assuming 
component systems, together with the 




Fig. 18. — Resonance Curves. 



perfect syntony of 
following data : — 
Specific wave length, 



the 



X=280; 



consequent frequency, N= 



3x10^^ 
2-8 X 10* 



= 1-07x106 



or per 27r seconds, = 27r X I'O? x 1 0« = 6723 x 10« 

Primary self-induction, = 3*5 X 10^ centimetres ; 

hence primary capacity, G^ = ^ =0-0063 microfarad. 



Die 
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Also L^= 4'5 X 10^ centimetres ; 

hence = = 4-917x10 microfarad : 

mutual induction, L^g = 1*3 x 10* centimetres. 

Sesistance of primary circuit estimated at 0*5 ohm at the most, 
hence = "5 x 10® centimetres. 

Wg, the so-called " effective resistance," which would replace all 
the losses of energy, is determined from W2 = 2L2 VyssSlS ohms= 
318 X 10® centimetres, wherein y, the log. radiation decrement, is ^ 
determined, according to Abraham, by 

In — 
r 

m 

The length of the aerial wire Z = 6o metres. 
The " effective " radius r (see p. 47) = 10 cm., bearing in mind the 
multiplex antenna (net) used. 
The dampings are 

W 

primary h^ = —^ = 7143 x 10* , 



secondary = ^2 ^ 3*53 x 1 0^ 



The degree of coupling : 

r = = X = 0-3276 and ^ir = 2 2 x 10« . 

The resulting numbers of oscillations per 27r seconds should be 
= 71 + J J^n^-(h^-h^f = 7-814 X 10« , 



,2 = n-i 7t2^2-(^i-A2)^ = 5-632x10«; 



or the frequencies 

Ni = ^ = 1-2435 xlO«, 

N2 = ^ = 0-89635xl0«. 
27r 

The experimental results (in the absence of syntony) were \ = 
230 metres ; \2=330 metres, 
or ' exp. Ni = ]-3xl0«, 

exp. N2 = 0-9xl0«. 

Consequently in the case of syntony (i^esonance) the differenee in the 
frequencies is a minimum. 



Digitized by Google 



32 



WIRELESS TELEGRAPHY 



With syntony, both the resulting oscillations would have dampings 
of no appreciable difference, namely, 

2 2 
or the log. decrement 

2122 xlO^ 2122x10^ 1 
N 107 xlO« 5-1 

It is evident that close coupling is not very favourable for the 
production of well-developed resonance, since in the optimum event 
(^^ = 0) the damping of the emitted waves could not be reduced by 
more than half. 

Wien showed that close coupling must be utilised in quite a 
different direction. We know that for different points in space the 
maximum amplitude values of the oscillating electric and magnetic 
forces diminish with the distance. The values of the amplitude of 
potential are, however, the decisive factor, for the coherer at least. 

Now, with close coupling, the amplitude ratio — disregarding the 
quadratic correction terms — is : 



or, assuming rn to be large in comparison with hji^, approximately ; 



A 
A 

and 



After half a beat (2^-^) the phase of the two oscillations in the 

secondary system is identical; and, neglecting the damping, the 
maximum potential will be 

V,=A,+B,= {A,+B,+T(A,-B,)}y5; 
that is to say, only slightly removed from (Aj + Bj) /y/|^> 
or from Y,Jh = Y,J^. 
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Hence, by close coupling, the amplitude of potential will be in- 
creased fold that of the primary potential. 

In our example, this would give 

= ^1^^2122! = 11'4 times the primary potential. 

Owing to the damping during the half beat, 



A. 

2Nt 

_ . . - = 8*4 is more correct. 



We operated in the primary circuit with a spark-gap 1 cm. across, 
corresponding to about 30,000 volts; so that the maximum 
amplitude of potential of the emitted series of waves was 

8 -4 X 30,000 = about 250, 000 volts. 

Considerations of energy will render the matter still clearer. 
The energy of the primary system is 

"2" 

. . , 6-3 xlO-^«x (30,000x108)2 

xe, for our example = \r—^ ^ 

z 

= 2-835 -t- 107 ergs = 2*835 watt sec. 
This energy is not very great in itself, but is expended in a very 
' short space of time. As the log. decrement expressed, we have 

0*1 

5*1 oscillations before the amplitude has receded to ~ times its 

initial value. We will assume six oscillations, but will make the 
restriction that of the total energy during this time of 6 x 0*93 x 10"' 
sec, only one-third is converted into useful radiation, so, that we 
thus obtain an effect of 

2'835 

. watts = about 169 kilowatts, 



3x6x0-93x10-' ' 

or about 229 horse-power. 

Hence hy close coupling the potential energy of the pinmao'y circuit 
is eocplosively eoiypelled hy means of the secondary system. We obtain, 

3 
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maximum efficiency and therefore transmission through muximvm 
distances, though at the cost of selective possibilities. 

In class B, namely, with loose coupling, we have to do with only 
a single effective oscillation with the damping, 



4{h^-h^y 

Hence, by perfectly loose coupling, the damping can be reduced to 
the relative low value of that of the primary circuit, thus fulfilling 
the condition for the development of a decided resonance. 

How does the matter stand, however, with reference to the 
maximum amplitude of the potential? The amplitude ratio is 

A, 2(^2-^1)' 
or, since is small compared with h^, 

A, 2h, 2W, L,- 

To make the relation clear we will perform another calculation 
with the dimensions already used. 

At the border between the two classes we have rn^h^-^h^, 

hence = ^-^ ~ Sl^hh = 1-52 x lO^. 

il 

Let us now consider the coupling to be loose, and take 
Li2 = l-3xlO^ 

The coupling is t = 0-03, hence about y^th of the close coupling 
of our example. 

Now = K + =l•144xlO^ 

4(^2-^i) 

0-1144 X 10® 
hence the decrement is — 1*07 x 10^ =^bout 

We thus have already twice as many oscillations as with close 
coupling (for which the decrement was about -Jth). 
On the other hand the amplitude ratio is 

Ag^ 7i X L12 V ^2— 1 •'77 
A, 2W7^L,"'''^ 

or only about one-fifth that with close coupling ( = 8*4). 
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With still looser coupling, 

T = 0-33 X 10"'^ (ie. yj^ of close coupling), 



We get, therefore, thrice as many oscillations as with close 
coupling, but with the amplitude of potential diminished forty-seven 
times. 

Consequently, loose coupling affords the possibility of generating 
feebly damped waves and thus obtaining sharper ^'esonance, though at the 
cost of intensity. 



Li2 = 1-3x102 
8^ =0718 xlO^ 

hence the decrement = 0-067 = about 
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CHAPTEE VI. 
THEORETICAL RESULTS AND CALCULATIONS. 

THEORETICAL RESULTS AND CALCULATIONS IN RESPECT OF SENDER 

AND RECEIVER. 

The design of a modern receiver has already been explained by 
a sketch on p. 22, the primary circuit having high capacity and 
low self induction, with these conditions reversed in the secondary 
circuit, the idea being to increase the amplitude of potential, since 
the coherer reacts on maximum diflferences of potential. 

In pursuing the matter further we will make use of the diagram 
fig. 19, all four systems being in unison (E = 280 metres). 

A. Closely-coupled Sender and Receiver, 

In this case the frequencies in the receiver will be analogous to 
those in the sender, thus, 

and the dampings, 

^3 "4 2 ' 

or if we regard the fully closed secondary receiving system as being 
undamped, 

^3 ^4-2-2- 

It is not worth while to try and ascertain the possibility of a 
decided resonance between closely coupled sender and receiver ; for, 
as might be expected, this is not greater than in the simple original 
form of Marconi apparatus, i,e, it is practically non-existent. 

The advantage again lies in another direction. If the damping 
of the eflfective wave were the same in the case of close coupling as 

36 
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in a simple Marconi system, we should now have in the receiver — 
as a consequence of the 50 per cent, lower damping — an amplitude 
twice as great as in the simple systems. However, by means of the 
secondary coil with numerous windings, 

the amplitude of potential (^ = \/f^) is increased at least 3-fold. 

Bearing in mind also the previously ascertained 8 •4-fold increase of 
the potential amplitude in the sender, we arrive at the result that 



Servder 






Fig. 19. — General Scheme for Sender and Receiver. 



(neglecting the disturbances introduced by the increased distances, 
such as earth curvature, etc.), a combination of closely coupled sender 
and receiver enables us to telegraph over a distance 2 x 3 x 8*4 = 
about fifty times greater than could formerly be done with the 
simple Marconi systems which were eftective up to about fifteen 
miles. 

In this directipn, therefore, resides the advantage of relatively 
close-coupled systems ; and distances of 450 to 600 miles can in tliis 
way be bridged over with ordinary installations. Bearing in mind, 
however, the enfeebling influence of obstructions and the curvature of 
the earth, the range of normal installations is reduced to about 300 
miles, as practical results have demonstrated. Moreover, this pre- 
supposes the existence of favourable atmospheric conditions, namely, 
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moist, un-ionised air. If the atmosphere is not of this character, as 
is usually the case after a long spell of dry weather, a further 20-30 
per cent, must be deducted from the range. The conviction that 
a large margin of safety must be taken into calculation, coupled with 
the ever-increasing distances attempted, led to the necessity of supply- 
ing larger amounts of energy in the form of effective electric waves. 
The fulfilment of this endeavour was, however, opposed by difficulties 
of no slight character, arising from various scientific and technical 
causes. Nevertheless, this problem also has been solved by Professor 
Braun, by his method of increasing the effective energy, the principle 
of which will be described on p. 51 et seq, 

B. Loose-coupled Sendee* and Receiver, 
We have seen that in the sender there is only a single effective 
oscillation, with the damping = ^1+771 jtv 

i.e. with the damping of the primary circuit by perfectly loose 
coupling. 

Similarly we have in the receiver, 

the frequencies 1/^ = 1/^ = 

^2^2 ^2^2 

and the dampings, ^3 = ^3-^^^^^; 8,=h,+^^^^, 

wherein T represents the coefficient of coupling in the receiver. 

Since h^^ \ is great in comparison with there is again practi- 
cally only a single oscillation with the damping 'S^ to be considered. 

The secondary circuit of the receiver is completely closed, so that 
the damping is very slight ; and by perfectly loose coupling, the 
damping could thus be reduced to the very low value h^. 

Unfortunately, owing to the much greater damping of the 
effective sender wave, there is still no advantage in fully utilising this 
possibility in the receiver. 

In order to find the resulting amplitude ratio, Wien reverted to a 
result of the Bjerkness theory for simple systems. Bjerkness finds for 
the maximum amplitude of the receiver 

Hence the maximum amplitude remains the same, whether a 
strongly damped sender oscillation excites an undamped receiver, or 
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whether the effective wave is undamped, and the receiver has the 
same damping as the sender in the first case. Consequently the 
equations for compulsory damped oscillation under the influence of 
a periodic force (the periodicity of which determines the amplitude 
of both the coupled systems) are applicable. 

For the amplitude 02 in coupled elastic systems, Wien found 



-EXT2K3 



2 



or for our case: 



For v^n, and neglecting in comparison with 4^3^^, the 
maximum amplitude is 

M =Alt 

On the other hand, Bjerkness finds for the maximum, M, of his 
resonance curve, that is to say, for the maximum potential amplitude 
in the resonator of the simple systems in unison, 

wherein X indicates the duration of oscillation, y and 8 the log. 
decrements in sender and receiver. 

A X'^ 1 

For equal damping {y = S) : M = ^x ~ x ^ ; 
or by introducing the damping instead of the decrement 

TiT A 1 

2nh^ e 

wherein n represents the number of oscillations in 27r seconds, and 
« = 2*71828 .... the basis of the natural log. 

In our case, therefore, the maximum amplitude for the simple 

system is ^<>=A^- 
Since = = S^, then 
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Let us take still another calculation. Lg^ is determined by the 
equation given for S^t neglecting the small value h^. 

Let = 

then =. J- ^ K^il^^t • 

We have the following data : 

« = 6-7 X 10« (p. 30) 

hs=h^= 3-5 xlO«, (p. 31) 

5i= 0-72 xlO», (p. 35) 

L,= L,= 4-5 xlO«, (p. 31) 

L, = 9Lj=40-5 xlO«, (p. 37). 

Hence 1^= 2-13x10*, 

and the amplitude ratio, 

M,^«Ls,x 2-718 _g.q 

Mo 2^:xLs 

The calculation shows that, given an equal amplitude of the 
effective waves, the amplitude in the receiver is about six times as 
^eat as in the simple system, and about twice as great as with 
relatively fast coupling. Nevertheless, on the other side we have 
seen that the low damping necessary to secure such an effect in the 
receiver could only be obtained through loose coupling in the sender, 
thus giving rise to a nearly 47-fold diminution of potential amplitude 
in comparison with close coupling. 

The normal range of about 300 miles for the latter is therefore 
300 X 2 

diminished to — — — , or about 12 J miles when loose-coupled sender 

and receiver are used. 

The slighter the damping, the sharper the resonance, and there- 
fore the smaller the dissonance can be between simultaneous effective 
oscillations, without the possibility of mutual disturbance. 

By means of the graphical illustration reproduced in fig. 20, 
wherein the amplitude of the secondary system, is represented as a 
function of the dissonance, Wien clearly demonstrated the greater 
sharpness of resonance in loosely-coupled systems than in the simple 



Digitized by Google 



THEORETICAL RESULTS AND CALCULATIONS 



41 



system ; there is a still greater contrast when the loosely-coupled 
systems are compared with close-coupled systems. 

The ratio between the maximum amplitude of the secondary 
system in unison and the corresponding amplitude in case of disson- 
ance may be termed "ratio of sensitiveness." Neglecting small 
dimensions, and with small dissonance n-^Vy Wien finds for this 
ratio of sensitiveness, 

^ = x/^ 
A, V 



+ 1. 



If the value of the same be estimated at 2-4 according as the 
receiver is assumed to be 
2-4 times as sensitive to 
the correct frequency as to 
a deviating one, it is easy 
to calculate the " necessary 
dissonance *' w — i/ (contained 
in the above expression) for 
which no mutual disturb- 
ance occurs. Usually the 
value 2 is sufficient for the 
" ratio of sensitiveness " ; 
but if the simultaneous 
effective oscillations differ 
in strength, say as the result 
of different distances, 4 is 
the lowest value that should 
be chosen. The " necessary 
dissonance" fluctuates ac- 
cordingly between about 5 per mille and 5 per cent, of the frequency. 

The wave lengths usual in practice, by reason of the limited height 
of the masts, vary between about 100 and 500 metres, or, expressed 
in frequencies, between 3 x 10® and 6 x 10^ sec. 

With a dissonance of 5 per mille it is possible, in accordance with 

1-hj-QQQj ' to send messages simul- 
taneously with ^' = 322 senders, without disturbance. Similarly, with 
a dissonance of 5 per cent., 33 senders could be used, though, as we 
have seen, the range is relatively shorter. 

However, to obtain such a high selective capacity at the expense 
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Fig. 20. — Amplitude Curves as Function of 
the Dissonance. 
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of the intensity or distance seems an unnecessary detrimental luxury, 
so long as wireless telegraphy is restricted to its present chief sphere 
of application, namely, for military and naval purposes. 

As the experiments at the Braun-Siemens Baltic stations have 
demonstrated, the employment of the above described loose-coupled 
receiver with a sender coupled to a degree approximating the 
boundary of loose coupling is suflBcient, even in the case of the un- 
favourable "distance ratio" 1:10 and for a maximum distance of 
about 125 miles, to enable messages to be transmitted to a certain 
station simultaneously from several stations, working with effective 
wave lengths dififering by about 10 per cent. 

Such a system of multiplex wireless telegraphy, developed on these 
lines, should prove suflBcient for some time. The absolute reliability 
of this system was demonstrated two years ago by the author before 
the authorities of the Imperial German Navy, after having been in 
regular work for two months. 

The method of coupling up the circuit for this multiplex tele- 
graphy will be described later. 

The tuning of sender and receiver in loose-coupled systems is not 
only possible but essential, more particularly with regard to the 
primary circuit of the sender and the secondary circuit of the re- 
ceiver. These must be tuned with almost perfect accuracy, since 
even the smallest discordance due to a few per mille variance from 
absolute syntony will immediately annul the otherwise powerful 
signals. Owing to the technical perfection of the apparatus, not the 
slightest difficulty in realising such sharp tuning is encountered in 
practice. 

Disturbance in loose-coupled systems by close-coupled senders 
can be guarded against by using the latter for long distance work 
and long wave lengths only, whilst for short distances the messages 
are dispatched and received with loose-coupled systems and with 
waves of a much smaller size. 

Notwithstanding the enormous progress made in theoretical 
development and the practical application of the same, no revolu- 
tionary encroachment on the existing domain of ordinary telegraphy 
will be possible until we are able to operate with controllably 
sustained electrical oscillations of suflficient frequency, instead of 
more or less strongly damped series of waves as at present. The 
seemingly feasible project of wireless telephony by means of electri- 
cal oscillations also suffers from this limitation. 
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SPECIAL THEORETICAL RESULTS OF PRACTICAL IMPORTANCE. 

We' have already seen that the value W occurring in the 
formulae is not represented by the constant ohmic xesistance. 
Even when measuring free oscillations in a completely closed circuit 
(by means of the Helmholtz pendulum at the Physical Institute of 
Zurich University, Professor A. Kleiner), Heinrich Mayer finds that 
the effective resistance increases approximately with the square of 
the frequency. 

Almost simultaneously, Dolezalek, in measuring the coefficients 
of induction of coils, found that, in the case of alternating currents 
with over 300 oscillations per second, a considerable increase of 
resistance occurs in comparison with the values from direct current 
or slow alternating current. He also records a diminution of the 
self-induction with the duration of oscillation, whereas Mayer found 
a considerable increase, which Dolezalek attributes to the presence 
of high capacities. 

Wien, in his publication on the flow of rapid alternating currents 
through wire coils, made a theoretical examination of the experi- 
mental results obtained by Dolezalek. In fact, theory demonstrates 
that the effective resistance must increase with the square of the 
frequency. The occurrence of eddy currents in cases of high 
frequency causes the lines of flow to be forced progressively inward, 
the mean radius of the circuit being reduced and the self potential 
diminished. 

The practical result is that, in accordance with the proposals of 
Dolezalek, the use of solid wires for the induction coils has been 
replaced by thin insulated wires, twisted together in the form of 
cord. Such divided wires Ought to have practically identical 
resistance, self induction, and mutual induction. Hence the 
" Deutsche Gesellschaft fiir drahtlose Telegraphic " (German Wire- 
less Telegraphy Co.) makes all its conductors of cords, prepared by 
a special process, the several wires of which are only O'l mm. in 
diameter. This plan of dividing and twisting the wires renders 
corrections practically unnecessary. 

The ohmic resistance of the primary circuit with the spark-gap 
is determined by the latter alone in all well-designed modern 
installations. According to a communication to me from Professor 
Drude, which also appears in his publication on the damping of 
condenser circuits with spark-gaps, the results furnished by his 
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measuring experiments show that the resistance W of the spark- 
gap is not even approximately constant, but varies considerably with 
L and C. Hence it is not possible, even by selecting a large L and 

small C, to obtain small log. decrements ^yrsTrW^^^^. 

The labours of Zenneck, Braun, Drude, and Abraham, with 
regard to the spark-gap, the distribution of capacity and self-induc- 
tion in the primary circuit, and other decisive factors, furnish the 
following considerations of practical importance. 

The increase of the primary initial potential with the length of 
the spark depends chiefly on the radius of the spark-gap balls. With 
large balls the potential increases approximately in proportion to the 
length of the spark-gap, up to several centimetres. It is therefore 
advisable to use large ball caps for the spark-gap, in which event the 
maximum amplitude in the secondary system will also increase with 
the growing primary potential at a relatively rapid rate up to a 
sparking distance of several centimetres. 

The modification of resistance in the spark-gap is a function of 
the quantity of electricity passing. With large capacities, of more 
than about 200 cm., the spark resistance, for a gap of about 0*5 cm., 
is of minimum value ; these represent the most favourable conditions. 

Enlarging the spark-gap increases this 
resistance, slowly with large capacities, 
more quickly when these are small. In 
normal installations the spark resistance 
should not exceed 0-l-0'2 ohm. 

Under given conditions there is always 
an optimum length of spark, i,e, one in 
which the percentage of total energy 
Fig. 21. -Spark-gaps iu Series, absorbed by the spark is minimal. If 

this point be neglected, the increased spark 
damping in most cases causes a greater amount of loss than the gain 
effected by increasing the initial potential. These considerations led 
Professor Braun to introduce a series of spark-gaps, as illustrated in 
fig. 21. Instead of a simple long spark-gap, use is made of a number 
of small gaps' arranged in series. The distribution of potential to 
correspond most suitably to the spark-gaps is effected by means of 
small supplementary condensers, y^, y^, y,^. The capacity of these so- 
called "potential distributors" is negligible in proportion to the 
total energy of the system ; and its oscillations can, if necessary, be 
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^ cut out entirely by large inductive resistances; In this manner any 
desired potential of discharge can be economically utilised by employ- 
ing the most favourable length of spark. 

In the primary circuit the spark damping is the decisive factor, 
and must be kept as low as possible by the use of large capacities ; 
the self-induction will then be correspondingly small. This applies 
also to the case of loose coupling, though on the ground of the log. 
decrement, one would otherwise be disposed to draw an opposite 
conclusion with reference to the distribution of capacity and self- 
induction for the attainment of minimum damping in the primary 
circuit, which, as mentioned before, is the main point to be considered 
in loose coupling. 

To obtain the smallest possible decrements it is by no means 
unimportant to connect the wires from the inductor as closely to 
the spark as possible, ie, at the potential nodes of the produced 
oscillation. 

In the case of relatively close coupling, the advisibility of having 
L as small and C as large as possible, is clearly evident for other 
reasons. This has already been shown by Wien, who demonstrated 

that the secondary potential amplitude is raised to \/^ times that of 

the primary potential. 

Drude finds generally that only a single thick primary winding 
should be used, dispersion being prevented as much as possible by 
" dead " self-induction (self-induction without inductive action). 

These considerations, moreover, formed the basis on which 
Zenneck, some years back, carried out his first practical experiments for 
Professor Braun ; and they led him to the construction of a (patented) 
sender-transformer, the primary of which had only one winding, or 
two windings coupled up in parallel. Unfortunately, these and many 
other results obtained by this painstaking and ingenious worker have 
been entirely neglected by his successors; otherwise some very 
advantageous scientific and technical arrangements of installations 
for wireless telegraphy would have been generally known years ago. 

Zenneck had previously found, by trial, that there is always an 
optimum degree of coupling for installations with relatively close 
coupling, at which degree a maximum amplitude of potential in the 
secondary system is attained. Drude finds that this optimum degree 
of coupling should be t= 0*6, but admits that the final increase to 
the optimum is asymptotic, i.e, that relative maxima are obtained 
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with much lower degrees of coupling. J. Zenneck made some careful 
practical experiments extending the degree of coupling to t=0*6, 
and found a great discrepancy between his results and those derived 
from Drude's theoretical deductions with regard to the relation 
between the maximal amplitude in the secondary system and the 
degree of coupling. Especially, the experiments seem to point out 
that it is to no purpose to have the degree of coupling more than 
0-30-0-35. 

In theory it is assumed that the decrement of the primary circuit 
remains constant during an oscillation, and that it is independent of 
the degree of coupling. In oscillation circuits with sparh-yaps this 
is certainly not the case, and hence the difference between theory and 
practice. 

Besides, for reasons already stated, such close couplings as t = 0'6 
are generally impossible in installations for wireless telegraphy. 

With regard to the secondary system, Drude employs for. the 
calculation of its individual wave length a formula which we re- 
produce, with others of importance, on p. 54 et seq. However 
convenient such a calculation may be, it is only unconditionally 
applicable provided the position of the antenna approximates to the 
ideal case of a free wire. The condition of an absolutely free wire 
is only satisfied when its distance from any object in the neighbour- 
hood is at least very great in comparison to its own lengtL Practi- 
cally this cannot be attained, but, as done at the Baltic stations, it is 
advisable to hold the aerial wire as free as possible by the use of 
insulated ropes. Furthermore, the upper stay ropes holding the 
mast were attached somewhat lower down the mast than constructive 
security warranted; and they were insulated by insulation bolts 
above and below. Usually, however, practical conditions are of a 
much less favourable character; and it is altogether preferable to 
excite the secondary system independently, by mounting a spark-gap 
in the aerial wire and thus exciting the latter as a Hertz oscillator, 
the specific wave length being then determined experimentally by 
means of the ondameter (see p. 60). In any ciase a comparison 
of the results with a calculation based on the Drude formula will 
always be interesting. 

Incidentally it may be here mentioned that the wave length can 
also be approximately estimated. In most cases the current distribu- 
tion in the aerial wire is almost sinonical, and the belly of the 
current lies in the centre of the secondary coil. Therefore, for the 
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wave lengths X we get the equation - = length of the antenna plus 

half the length of the windings of the secondary coil. 

For a multiplex secondary system, Crude also formulated the 
following : — 

"A multiplex antenna (cage antenna), which may be hetero- 
geneous (partly multiplex and partly simple), *acts' like a simple 
antenna of a single wire the radius of which is equal to the radius 
(when the wires are few) or the diameter (when the wires are many) 
of the mean sectional area (reckoned as a circle) applicable to the 
total length and enclosed by the antennae wires. 

"The advantage of using multiplex antennae in the senders in 
wireless telegraphy resides to some extent in the diminution of the 
frequency, but more particularly in the increase of radiation. ' Both 
these results are best attained by the use of thick antennae. Multi- 
plex antennae are therefore advisable on both grounds, since they are 
able to replace the heavier thick antennae. 

"The checking action of a coil towards alternating current is 
greater in proportion as the windings are closer, and the less the 
radius exceeds that of the, straight wire conducting the alternating 
current." 

In the sense employed by Drude, this act" implies, in the first 
place, that the multiplex antenna is equivalent to a simple antenna 
of greater radius, in so far as the wave length of the sender is 
concerned, that is to say, it induces an augmentation of the period. 
According to the axiom of Poynting and the inalterable relative 
position of the electric and magnetic lines of force at a greater 
distance from the sender, it results as a further consequence that 
the multiplex antennae effect an increase in the radiation. With 
regard to these statements of P. Drude, we should like to draw 
attention to the following remarks by J. Zenneck, which undoubtedly 
deserve the closest attention. A simple and a multiplex antenna 
of the same frequency, and whose dimensions of cross section are 
very small compared with those of length, have in a distance which 
is great in comparison with the wave lengths, the same field when 
the current amplitude in both is the same. With the same potential 
(spark-gap) the current amplitude is much larger in the multiplex 
than in the single antenna. The relations can best be shown by 
the following. From the theoretical considerations of Hertz may 
be derived the following equation for the field injepsity E,(iij the 
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equatorial plane which is alone to be considered in wireless 
telegraphy) :— 

K..A . I . 
2 

in which A represents a constant factor dependent on the system 
of measurement, I the length of the aerial wire, X the wave lengths, 
i the current mean value in the antenna, r the distance from it, and 
the index o the amplitude. 

When a simple antenna is replaced by a multiplex antenna of 
the same length, and of the same wire radius, the potential ampli- 
tude being given, there are two changes — 

Z 

(a) the frequency and hence the ratio X (b) the current amplitude \ 

2 

The ratio X has been discussed by Drude, with the result that in 
2 

respect of its individual period a multiplex antenna is equivalent to a 
simplex antenna of a greater radius. Hence it follows that in both 

I 

the ratio X has the same value. As is shown by the experimental 
2 

measurements of Drude, this ratio for a multiplex antenna, the cross 
section dimensions of which are small compared with those of length, 
varies only slightly from that of a simple antenna of the same wire 
thickness. 

This ratio consequently plays only a minor part in practice. 

But in r^rd to the current amplitude a comparison of simple 
and multiplex ant^nnse of the same length and wire thickness leads 
to the following relation : — 

I. $^ = ^ when the antenna is used as a simple Marconi sender 

or a secondary system in a loose-coupled Braun arrangement. 

II- f^'^sf 'q antennae used as secondary systems in close- 
coupled Braun arrangements. 

Here C indicates the capacity per length unit ; the index 1 refers 
to the multiplex, the index 2 to the simple antenna. 

As the capacity per length unit of the multiplex antenna is 
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much larger ^ than that of a simple antenna, it follows that the 
current amplitude, and hence the amplitude of the electric field 
intensity E in the case of the multiplex antenna, is also considerahly 
larger than in the case of a simple antenna. In this fact lies the 
real importance of a multiplex antenna, not in the alteration of 
the period with its accompanying minute change of the field 
intensity. 

The superiority of multiplex antennae over the simple forms may 
also he expressed in the following way. From M. Abraham's publica- 
tion on wireless telegraphy it follows that the attainment of 
maximum potential on the upper extremity of the aerial wire is 
less important than maximum amplitudes of current at the lower 
end of the antenna. However, according to M. Wien, this current 
amplitude is nearly proportional to JCfi^y wherein and Cg repre- 
sent the primary and secondary capacity. Hence the multiplex 
antennae act more favourably in consequence of their greater 
capacity. For the same reason of strengthening the current in the 
antenna, it is therefore necessary to minimise the primary self- 
induction as well, a result at which we have already arrived by 
another path. 

For the current amplitude, Abraham finds the following addi- 
tional axiom : — 

" If, with a given antenna of the capacity Cg (in microfarads), 
directly coupled with a primary condenser circuit, it be desired te 
obtain the highest possible increase in the maximum amplitude of 
the effective waves, the primary self-induction must be selected in 
accordance with the equation Li = 6-7 X lO^Cg." 

There consequently results an optimum for and a corresponding 
one for the primary capacity ; any further increase of the latter 
would excessively augment the radiation and thereby weaken the 
maximum wave amplitude occurring after half a beat. These 
considerations, however, are restricted to relatively close-coupled 
arrangements of sender and receiver. In loose coupling, the chief 
point to attain is the production of protracted oscillations, even at 
the expense of the wave amplitude. 

1 According to J. A. Fleming (Cantor Lectures on Hertzian Wave Telegraphy , 
p. 14 ; London, 1903) the capacity of a multiplex antenna whose component wires 
lie pretty close together is about VN times (N = number of wires) larger than 
the capacity of a single antenna of the same length and wire thickness ; a 
multiplex antenna of 50 wires would show approximately 7 (resp. 2*6) times 
the effect of a corresponding single antenna. ^ ^, . ,,,, > ;.' 
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Moreover, as results from Brundes' measurements, with multiple 
antennae the amount of the radiation in relation to the existing 
energy, i,e. the radiation decrement, is greater than with simple 
antennae ; hence the use of the former ensures better utilisation 
of the primary energy. 

For the so-called "counter capacity," already frequently men- 
tioned, namely, a metallic surface, S, which forms the electrical 
counterpoise for the antenna of the length /, Drude finds the 
equation 

0-603/ 
"brigg. log. //y' 

in which 9 represents the "effective" radius in the sense already 
described. 

According to Drude, the different modes of action of the various 
couplings furnish valuable information on the nature of the indi- 
cators to be used in the receiver. The coherer reacts on differences 
of potential, and therefore is evidently the most suitable indicator 
when close coupling is used, the chief property of which resides in 
the production of maximum amplitudes of potential. With loose 
coupling, however, the integral effect is the main point, so that 
Eutherford's magnetic indicator seems more suitable in such cases 
than the coherer. The reason for this is that alterations in the 
damping make far less difference to the maximum amplitude than to 
the integral effect ; hence when damping is mostly to be considered, 
the coherer suffers from a certain indifference. For loose-coupled 
apparatus it is preferable to use an antenna with relatively high 
self-induction (coUs in the vicinity of the belly of the current) in 
order to prolong radiation. 

At great distances, r, the action of the sender on the receiver, 
diminishes like the amplitude of intensity of the electric and magnetic 

field, and consequently like \ The radiation is proportional to the 

square of the resulting field intensity. 
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It has already been stated that the energy available for radiation 
is determined by JCV^, in which expression C represents the capacity 
and V the discharge potential of the condenser circuit. The 
dimensions of the capacity per se are subjected to a natural limita- 
tion by the length of waves obtainable in practice because of the 
relatively short masts. Besides, an increase of the capacity at the 
expense of the self-induction soon reaches a limit. Furthermore, 
insuperable difficulties, both theoretical and practical, oppose the 
increase of the discharge potential. 

The way out of this dilemma was discovered by Braun in a 
method of arrangement, the general principle of which is illustrated 
in fig. 22. 

Here, n equal condensers C are connected by n equal self- 
inductions L in series to a circuit which is closed by the spark-gaps 
at the moment of discharge. The charging of the condensers, 
however, is effected in parallel with low potentials only, by means 
of the large ohmic or inductive resistances Wj, Wg, Wg, which have 
nothing to do with the oscillations. 

The total available energy is therefore 



and that, too, with an unchanged duration of oscillation, since 



as for a simple oscillation circuit. 

BraUn also proves that the spark discharge is equiphasal through- 
out, and that each spark has only the damping corresponding to the 
partial potential difference V. 





61 



Digitized by 



Google 



52 



WIRELESS TELEGRAPHY 



With an 7i-fold energy we can thus work the n oscillation circuits 
with the same economy as a simple one. 

The energy can be utilised in many different arrangements. 
Thus fig. 23 shows the method of inductive coupling, whilst an 




Fig. 22.— General Scheme of Fig. 23.— Braun's Energy 

Braun's Energy System. System. 




Fig. 24. — Braun's Energy Fig. 26.— Energy System used at the 

System. Baltic Stations, 

instance of direct coupling for exciting n separate aerial wires is 
given in fig. 24. 

The form of arrangement illustrated in fig. 25 was used with 
great success at the Baltic stations. The condensers are connected 
in pfif fdlej> |.or: (^barging with the large resistances W^Wg. The 
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induction-free " coupling arcs " K^Kg ensure that when the discharge 
takes place in A^Bi, the spark in A2B2 must pass simultaneously and 
in an equiphasal manner. The secondary systems were suitably 
connected in series. 

PRINCIPAL FORMULAE. 

Owing to the irregular conditions it is impossible to calculate 
the capacUy of the Leyden jars used in the primary condenser 
circuit ; and even measurements performed by known static methods, 
or with the telephone bridge, give entirely useless values. Thus, 
measurements, made at the normal frequencies of the oscillations 
used in wireless telegraphy, gave variations up to 30 per cent. This 
is due to the losses of energy in solid dielectric glass, these losses 
increasing with the number of oscillations and in accordance with 
the manner in which the " residue " is developed. A condenser 
in which a residue is formed often takes several minutes to attain 
its maximum charge, so that it cannot act up to its full capacity in 
the very short time occupied by the oscillations. The difficulties 
arising from these and other factors in the way of accurately 
measuring the wave lengths generated in the primary condenser 
circuit, have now been removed by the use of a resonance circuit, 
containing an adjustable condenser with ideal properties, the 
capacity values of which, resulting from various adjustments, can 
be determined with great exactness, and if necessary reduced to 
" dynamic '* capacity. This instrument is the " ondameter," or, better 
still, "frequency meter," to which reference has been made in the 
previous pages, and of which a description will be given in the 
next chapter. 

The self-induction of coils in which the dimensions of the 
rectangular section of the annular space occupied by the wire 
windings are small in comparison with the mean diameter of the 
coil (as is the case both in the induction coil of the ondameter, and 
in the primary coils in the sender and receiver) can be calculated 
according to the well-known Stefan formula, as modified by Drude, 
by introducing the necessary correctiqn on account of the rapidly 
alternating currents used in electrical wave telegraphy. This formula 
runs : 

L=w[(l + 3|;)log.nat. j^/] + log. nat. |-A, 
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wherein n = number of windings, 

r = radius of coil, 
h = (/I — \)g = height of coil, 
g = pitch of the windings, 
S = thickness of the bare wire. 

For and values should be taken from Stefan's tables 

and that for A from Drude's tables. 

The reasons for replacing thick wire in inductive coils by cords 
consisting of a number of separately twisted strands made of very 
thin wire have already been given. 

The self-induction of long, narrow coils, such as are used in the 




Fig. 26. — Secondary System with Counter Capacity. 



secondary system of the receiver, is calculated by Crude from the 
formula 

wherein I =2wi, 

r = radius of coil, 
71 = number of windings, 
h =(n — l)^ = height of coil, 
g = pitch of windings. 

For calculating the individual periods of the secondary system 
(the practical use of which is dependent on a formerly mentioned 
condition) Drude gives the relations 

^ = brigg.log.ix/^Ax^, 
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and hence the specific wave length X according to the formula 



length of the antenna, 9 its *' efifective " radius (see p. 47 et seq,), n 
the number of windings on the coil, h = (n'-l)g the height of the 
coil, g the pitch of the windings, 2r the diameter of the coil. The 

values for / (a function of n, ^ , ^ , and e) and for (f> (a function of 



— and ^ j are to be found in Drude's tables : S represents the thick- 



ness of the wires, and e the dielectric constant of the core. 

For the already defined " counter-capacity," we refer to the 
Crude formula, given on p. 50, 



At the Baltic stations the " net " or " cage *' of the aerial wire was 
mounted on rings 20 centimetres in diameter, and therefore had an 
eflective radius 9 = 01 metre; furthermore, / = 65 metres, so that the 
dimensions, S, from the formula were 13*93 sq. metres, whereas the 
result of the empirical determination was S = 13*7 sq. metres. 

The counter-capacity of the secondary system, diagrammatically 
represented in fig. 26, is now usually formed of a surface of wire gauze. 
With " direct" coupling, coils of suitable dimensions have to be inter- 
posed between the condenser circuit and the counter-capacity. 



' wherein 




brigg. log. //ft 
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MEASUREMENT OP WAVES. 

THE ONDAMETER. 



The principle of determining the frequency by the resonance was. 
expounded by Hertz-Bjerkness. It was first applied to the practice 




Fig. 27. — Qndameter. 



of wireless telegraphy by J. Zenneck, and though Zenneck's apparatus 
was very cleverly developed, in a technical sense, by J. Donitz, the 
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name under which it is generally known, viz., " Donitz's ondameter," 
is hardly justified. 

This ondameter (or, more properly, "frequency meter"), fig. 27, 




Fig. 28.— Plan of Ondameter. 

consists of a closed oscillation circuit, in which the dimensions of the 
capacity are made to vary within wide limits. When subjected to 
the action of an oscillating system, it is excited to oscillate in 




Fig, 29.— Ondameter Elevation. 



sympathy. Tlie resulting currents (which are read off on a Biess 
thermometer, the indications of which are proportional to the squares 
of the current intensities) reach a decided maximum as soon as 
perfect resonance is attained. Hence the same wave length is then 
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present in both systems, and can be read off on the scale of the 
ondameter. 

Figs. 28 and 29 represent a plan and elevation respectively of the 
instrument. So that a variable capacity may be available, the con- 
denser is composed of two sets of parallel semicircular plates, one of 
which,/, is fixed, and the other, 6, can rotate on the axis a. Both 
sets are mutually insulated, the component members of each set, 
however, being in metallic connection and connected with the poles 
Vx and jOg. 

By turning the knob g the movable plates are caused to enter 
the intermediate spaces between the fixed plates, whereby the 
effective surface, and therefore the capacity, is gradually increased. 
The condenser is immersed in a bath of vaseline oil, c (boiled in 
order to expel air bubbles), for the purpose of securing more 
complete insulation, and to increase the limits of capacity, owing 
to the greater dielectrical constant of vaseline oil in comparison 
with air. 

The self-induction coils s are connected to the terminals k by a 
plug contact, and the thermometer (hot-wire instrument) h is also 
included in the oscillation circuit. This latter connection, however, 
is inductive (not direct), a primary winding i in the condenser circuit 
inducing the secondary windings \, the ends of which are connected 
to the hot wire w. 

The inductive excitation of the thermometer is for the purpose 
of enabling the extent of the indications to be regulated by altering 
the distance between the primary and secondary windings. The 
instrument is fitted with ^ three different self-induction coils, which 
are interchangeable and of such dimensions that the resulting 
three limits of measurement follow each other in close order, so 
that all wave lengths between about 100 and 1000 metres can 
be measured. 

To the knob g is connected the pointer z, which moves over the 
scale t This scale is inscribed, in three rows, with the wave lengths 
corresponding to the three coils and the momentary adjustment of 
the condenser. 

To use the instrument, say for measuring the frequency of the 
'primary condenser circuit of the sender, it is operated in the manner 
illustrated in fig. 30. The coil of the exciting condenser circuit 
is placed above the coil of the ondameter W, so that the latter is 
traversed by lines of magnetic force from the former. By gradually 
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altering the capacity Cv, the flow becomes progressively stronger, as 
is shown by the rise in the thermometer T ; and finally the adjust- 
ment of the condenser reaches the stage at which the intensity of the 
current attains a maximum, whereupon any further adjustment of the 
condenser results in a fall in the thermometer. At this maximum (ie, 
the attainment of resonance), the effective wave length is denoted by 
the position of the pointer on the scale. 

A point to be kept in mind in these measurements is that the 
distance a between the planes and Lg must be sufficient to pre- 
clude any reaction of the resonator circuit on the exciting oscillation 
circuit by the induced current. In other words, the coupling must 




Fig. 30. — Measuring the frequency of the Primaiy Condenser Circuit, 
with the aid of the Ondameter. 



not be too close, otherwise — as we have seen in the theoretical section 
— a deformation of the oscillation will occur. The optimum degree 
of coupling is about a = 3 cm. If the distance be increased, i.e. the 
coupling made looser, the position of resonance of course remains the 
same, but the indications of the thermometer will be naturally of 
smaller amplitude, so that the adjustment for resonance cannot be 
made with the same sharpness. If there are several oscillations 
present (as we have seen to be the case with close-coupled systems), 
the different amplitudes of the thermometer indications enable a 
conclusion to be formed of the various amplitudes of the effective 
waves. 

Moreover, the flow may develop in very different ways. Sometimes 
the level of the liquid in the thermometer will remain almost 
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stationary for a considerable time, until it shoots up quickly, 
the state of resonance being reached; and it will fall with equal 
'rapidity when that condition is exceeded. At other times the ther- 
mometer indications rise slowly until the maximum is attained, 
and then sink gradually. 

Hence the sharpness of the resonance can be determined 
in thov case of different oscillations, and conclusions drawn as 
to their different dampings (p. 30). 

The measurement of the indi- 
vidual oscillation of the open 
secondary system is performed 
with the ondameter in the man- 
ner illustrated in fig. 31. By 
introducing a spark-gap, F, the 
secondary system is excited as a 
Hertz oscillator, and induces the 
coil of the ondameter W by a 
loop S. The ondameter is then 
set for resonance in the manner 
just described. 

Before this latter measure- 
ment is performed, the aerial 
wire must be brought into the 
position in which it will actually 
be used ; for the capacity of the 
wire depends on its relative 
position to the earth and other 
adjacent objects, so that a change 
in position will also cause an 
alteration of the specific periods. 

Finally, the ondameter also 
enables the effective oscillations 
in the complete coupled sender to 
Fig. 31.— Measuring the individual Oscilla- be determined (namely, a single 

tion of the Secondary System with the -n . . , , i. 

Ondameter. OSClllatlOU With loose COUplmg, 

and two oscillations with close 

coupling), inasmuch as an inductive action is exerted on the 

ondameter by means of a loop in the aerial wire (which in this 

case is no longer fitted with a spark-gap). 

A simpler ondameter, though insuflScient for accurate determina- 
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tions, is the measuring rod (fig. 32) of Professor Slaby. Here again 
the principle of resonance is applied, barium-platinum cyanide being 




Fig. 32.— Slaby's Measuring Rod. 



employed as the indicator. On approaching the free end to a point 
of high potential variation in the system under examination, the 
cyanide is excited. 
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MANAGEMENT OP A STATION. 

The construction of a station for wireless telegraphy proceeds 
by the following chief stages. In the first place, the aerial wire 
or aerial wire system is set up in an approximately vertical 
position, by mounting it, in a properly insulated manner, on 
high masts, or, in the case of movable stations, attaching it to 
kites or balloons. Then the necessary dimensions of the " counter- 
capacity" are determined either by calculation or experiment. In 
the latter event a symmetry wire, exactly equivalent to the aerial 
wire, is stretched out as a counterpoise, the effect of flow being 
next determined in the aerial wire by means of a Eiess ther- 
mometer, mounted in the vicinity of the belly of the current. 
The symmetry wire is afterwards replaced by successively increased 
metal surfaces, until approximately the same current effect is 
produced. 

The next step is the determination of the specific period of the 
secondary system, and of the primary condenser circuit, separately, 
by the aid of the ondameter and the most accurate mutual adjust- 
ment possible. 

A decision has now to be made in favour of either loose or 
relatively close coupling, according as it is possible or necessary to 
obtain sharp tuning (at the expense of intensity, i.e, range) or an 
extensive range, i.e. intensity (at the cost of tuning properties at the 
receiver). 

In order to fully utilise the specific advantages of the different 
couplings the construction of the aerial wire system must be modified 
in accordance with the class of coupling employed. For loose 
coupling, types allowing of gradual radiation must be chosen, i.e. 
aerial conductors with maximum conductivity and high self-induc- 
tion, which is partly distributed uniformly in the aerial conductor 
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and partly concentrated in coils in the vicinity of the current 
maximum. 

For close coupling, on the other hand, highly radiating aerial 
wires of low self-induction are to bo used, that is to say, they should 
be set up in the shape of a cone or harp, with a number of separate 
wires mounted in parallel. 

The aerial wire of the sender is also used in connection with the 
receiver, by the aid of a switch. The optimum of the degree of 
coupling, and also the adjustment of the receiver to the effective 
wave length, can be determined with great accuracy by calculation 
or experiment. This point will be discussed later. 

For the sake of completeness it should be mentioned here that, 
according to Crude, very close coupling (t^>0'6) in the sender — ^which 
however, is generally impossible — is attended with a more strongly 
damped upper free oscillation and a more slightly damped lower 
one. If this be employed with a loose-coupled receiver, the frequency 
of the latter must be smaller, in the proportion 1 : ^2, than that 
of the two syntonised sender oscillation systems taken separately. 
With this very close coupling the damping of the lower free oscilla- 
tion possesses only half the value it has with ordinary cases of close 
coupling, i,e, is only equal to half the arithmetical mean of the 
dampings of the two individual systems of the sender. 

According to Wien, the same reduction in damping can also be 
attained at the boundary of the aforesaid two great classes, i.e. 
when the coupling is exactly equal to the difference in the damping 
of the component systems. In such event, cete7*is paribus, the period 
of oscillation of the component system must be adjusted to that of the 
lower free oscillation, by doubling it. To attain this object, the self- 
induction of the secondary system must be doubled, thereby reducing 
the damping to one-half. The further necessary doubling of the capa- 
city in the primary circuit results also in the doubling of the energy 
of oscillation. Since there is only a single effective oscillation present, 
there are consequently no disturbing undulations, as happens with close 
coupling ; and this circumstance is naturally an additional advantage. 
Such an arrangement, however, merely represents a compromise ; and 
the only possible way to secure accurate syntony is, as we have 
already seen, to employ loose coupling in both sender and receiver. 

The arrangement of a complete installation will be more clearly 
seen by a reference to the sketch, fig. 33. This shows the instal- 
lations at the Baltic stations, and is more easily examined than a 
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sketch of up-to-date installations, which are in a state of greater 
technical perfection, giving rise to more complicated details. 




On the left of the figure is the sender, and on the right the receiver. 
In the middle, between them, is the switch, U, by means of which 
the attachments (aerial wire, counter-capacity) can be connected with 
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the sender and receiver in turn. The lever of this switch consists of 
three horizontal metal bars, fastened together by the insulated verti- 
cal traverse, fitted with a handle. 

When the switch is turned to the left, the aerial wire above and 
the counter-capacity below are connected with the secondary coil of 
the sender. At the same time the middle bar closes the circuit from 
the battery or electric power station. This circuit contains the primary 
coil of the inductor J, the interrupter W (Wehnelt, turbine or hammer 
commutator), and the signalling Morse key T, in parallel arrangement 
is the so-called magnetic blow-out, i.e. a transverse magnetic field for 
the purpose of dispersing the sparks at the breaking contact. 

With the secondary terminals of the inductor is connected the 
primary oscillation circuit with spark-gap. 

To receive messages, the switch is turned over to the right, i.e. 
to the position shown in the drawing. In this position the outer 
bars connect the attachments with the primary oscillation circuit of 
the receiver, whilst the middle bar closes the circuit of the local 
battery, B, which also includes the Morse register M and tapper KI. 

The primary receiver circuit contains the two relatively large 
adjustable air condensers C^Cg, of which the former may be short- 
circuited by a plug contact whenever necessary, so as to adjust at 
once the primary circuit to a different wave length. This possibility 
of easy adjustment is of special use, when several waves are simul- 
taneously efifective. In the secondary circuit is a small adjustable 
air condenser, Cr. On the other hand, the terminals of the secondary 
coil are connected to the coherer by means of a small mica condenser 
P, which does not obstruct the oscillations, but must be attached to 
prevent short-circuiting of the relay current of the two parallel 
coupled dry cells E. To protect the relay, its circuit is opened 
by means of the plug contact S, when signals are sent off. To pre- 
vent any unfavourable influences on the coherer there were provided 
a small condenser, G, parallel to the battery, a 1000-ohms resistance 
coil parallel to the relay contact, and one of 500 ohms parallel to the 
tapper contact; otherwise at each of these latter points, sparks, 
exciting the coherer, would be formed in consequence of the breaking 
currant. The resistance coil Wi was for the purpose of dividing the 
current for the Morse register and tapper according to requirements, 
and thereby regulate the force of the blow struck by the latter. 

A photographic view of the outside of one of the Baltic stations 
is shown in fig. 34. 
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An important factor in the sender is the provision of a suitable 
source of electricity for charging the condenser circuit. 

For short ranges, ordinary inductors with a vibrating inter- 
ruptor would be sufficient, a type of which is illustrated in fig. 35, 
supplying primary energy up to 350 watts, at a maximum of 110 
volts. These are provided with a condenser of suitable dimensions 
for preventing interruption sparks. 

Where greater power is required, the so-called resonance 
inductors (fig. 36) are now exclusively used, this type being the 
outcome of our experience with the spark-gap, because of its 
irregularities. The spark-gap enables the condenser circuit to be 
charged up to a certain potential, i.e. it stores up the energy of the 
circuit until a certain discharge potential is reached. At thiq point 
we have a sudden fall in potential, whereby the oscillations are set 
up, and when they have ceased the spark-gap must at once become 
again non-conducting, in order that the cycle may recommence. The 
pauses between the single discharge complexes are enormously great 
in comparison with the duration of the latter themselves ; but this is 
necessarily the case, since otherwise there would be the possibility 
of the spark-gap not returning to its non-conducting state. In such 
event there would be a permanent equalisation of the charges 
through the spark-gap to a lower potential, a luminous arc would be 
formed, and the spark become "inactive." With the resonance 
inductor this phenomenon is impossible. In it the generated 
electricity flows to and fro in slow oscillations until the maximum 
amplitude corresponding to the discharge potential is reached, and 
the spark-gap is suddenly traversed. 
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The self-induction of the secondary winding of the inductor (which 
in this case is made of the thickest wire possible, in order to diminish 
the ohmic resistance), and the capacity of the Leyden jars with which 
it is joined; cause a decided slow oscillation of definite periodicity, 
about 50 per second, as now generally employed in power stations. 
When such an inductor, secondarily laden with a capacity, is con- 
nected with a normal alternating current of 50 periods, the primary 
alternating current and the secondary induced current are in 
resonance. An important point to be kept in mind in this connection 
is the degree of coupling between the inductor and the source of 
current. With " close " coupling there would be just as many dis- 
charge complexes as primary alternations, ix. 100 sparks for 50 
periods. Consequently, this would not correspond with the function 
already described, which is to be performed by the resonance 
inductors. This is only feasible with close coupling, both between 
the two alternating currents of the inductor and also between the 
latter and the source of current, this being an alternating current 
machine containing a certain amount of self-induction in its arma- 
ture. A check coil is mounted between the machine and the primary 
winding of the inductor; and the optimum degree of coupling is 
obtained by the suitable adjustment of these two self-inductions to 
the primaries of the inductor. 

Now we obtain the aforesaid phenomenon, namely, that the energy 
of several successive alternations in the work of magnetising the 
inductor is accumulated to a maximum corresponding to the spark- 
gap, whereupon a discharging spark passes. Hence there are fewer 
sparks than primary alternations in the inductor. The same primary 
energy is now distributed among fewer discharges, but these are of 
a more powerful character. 

To obtain the desired speed in telegraphing, it is of course 
impossible to go below a certain limit, about 30 sparks per second. 

With a primary energy of from 350 watts to 1*5 kilowatts, use 
may be made of either the well-known mercury turbine interrupter 
(a photograph of which is shown in fig. 37, representing a type fitted 
with Cardanic suspension for naval stations) ; or else current trans- 
formers are used. The latter are either direct transformers — single 
machines (fig. 38), or mounted in sets of two machines — a continuous 
current motor and an alternating current generator (fig. 39). 

The transformer is mounted in such a manner that automatic 
blocking occurs between the transformer and the receiving instru- 
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Fig. 35.— Inductor with Hammer Interrupter. 




Fig. 36.— Resonance Inductor. 
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Fig. 68.— Marconi Detector. 



instrument the known phenomenon of magnetic hysteresis is 
utilised, the arrangement being that shown in fig. 58. 

An endless cord S of thin soft iron wires is led in front - of the 
poles of a magnet M, and there traverses a coil of insulated copper 
wire, connected on the one hand with the aerial wire L and on the 
other with the earth (E). On this coil is wound an insulated secondary 
coil, in which the telephone, T, is included. Normally the iron is 

prevented by hysteresis from immediately 
following the rapidly alternating magnet- 
isation ; but when the primary coil is 
traversed by electrical waves the residual 
magnetism is suddenly dispersed for the 
moment. Hereupon the current impulse 
f sf \ induced in the secondary coil excites the 
V^XjjJlM telephone and renders the wireless Morse 
FhI!IIiiIIF¥ signal audible. This complex device, pro- 
vided as it is with moving parts, gives 
only the same effect as the simple 
Schloemilch cell. 

An extremely sensitive wave recorder 
is Rutherford's magnetic indicator. Part 
of the wire composing the resonator is coiled round a magnetised 
steel needle. The electric oscillations influence the magnetisation of 
the needle and thereby cause the deflection of a second magnetic 
needle suspended close by, and whose movements can be observed 
with the aid of a mirror and telescope (as in a galvanometer). 

It has been mentioned already that this indicator is preferably 
used in loose-coupled systems, in which the integral effect is the 
main point. 

An interesting new type of indicator is the Lodge-Muirhead 
coherer, which is described as follows in the catalogue of the Lodge- 
Muirhead Wireless and General Telegraphy Syndicate, Limited. 

"The illustration (fig. 59*) shows the form of coherer, which 
requires no tapper, but is kept perpetually sensitive by the rotation 
of a small steel disc just separated from a column of mercury by a 
film of mineral oil. The impulse of electric oscillations breaks down 
the oil film and establishes momentary cohesion between the steel 
disc and the mercury. No effective contact occurs between the 
wheel and the mercury, notwithstanding the immersion, because 

* Block kindly lent by The Electrician, 
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Fig. 50.— Current Generator for Light Portable Stations. 




Fig. 61. — Coherer. 
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absolutely reliable multiplex wireless telegraphy, is made clear by fig. 
68. The oscillation circuits were excited by the same aerial wire. 
The attachments were coupled direct, but relatively loosely, with 
the primary circuits, and the latter excited the secondary circuits, 
the coupling between the two being very loose. The difference 
between the two effective wave lengths amounted to only about 
10 per cent, in the case of a highly unfavourable distance ratio 
of 10 : 100 miles. ' 

This method of mounting is unqestionably not the best. Theoreti- 
cally, the use of only one aerial wire entails joining of same with 
the various oscillation circuits by different degrees of coupling, in 
which case losses of energy are inevitable. The best plan — though 
unfortunately not the simplest in practice — is of course the use of 
several distinct antennae for the different oscillation circuits. 

Fig. 69 represents the interior of a fully equipped wireless 
telegraphy station. To the right are the sending apparatus, whilst 
the receivers are mounted at the left of the long table. From the 
descriptions already given the reader should feel himself quite at 
home in this up-to-date telegraph station. 
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CONCLUSION. 

By strenuous labour in both the scientific and the technical branches, 
wireless telegraphy has been raised within a single decade, from 
the smallest beginnings to an indispensable means of communica- 
tion. This will constitute a lasting memorial of our progressive 
age, a visible sign of the intelligence and high endeavour, love of 
work, and capacity of appreciating the deeds of our leading spirits. 
It also shows how unremitting labour for securing ideal benefits to 
mankind is not only an ennobling moral influence, but also may lead 
to practical results outstripping the wildest dreams of imagination. 
Who would have thought it possible to waft messages across the ocean 
without any visible means of transmission ! Of course progress has 
been accompanied by a clamour for more, the requirements advanced 
showing how far we are still from the ideal goal, which appeared so 
near when the real principles involved were first clearly recognised. 

We have seen that at present the work has to be carried on with 
oscillatory discharge complexes, which even in the most favourable 
conditions (perfectly loose coupling) produce only relatively slightly 
damped wave series. The pauses between the sets of discharges 
are infinitely long in proportion to the time they themselves occupy, 
the situation being comparable to that of a sea, perfectly quiet all 
day long except for a single minute's disturbance by waves. In 
reality, we excite merely a series of short electrical tone impulses 
which, on account of the wide interval between them, cannot even 
be regarded as a chain of impulses. 

What a difference there would be in the practical utility of 
electric oscillations were we able to generate and maintain, at will, 
persistent electric tones of sufl&cient frequency ! Our most modern 
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alternating generators are cumbrous devices for producing very slow 
oscillations (about fifty per second), whereas, for wireless telegraphy, 
a mean frequency of about a million per second is required. Here 
is a worthy and profitable subject for inventive skill, and one whose 
solution might lead to perfectly incalculable results. 

As was quite natural, the value of wave t-elegraphy was at first 
appreciated only in comparison with the range of distance covered ; 
and though this progressively increased, it was not until the intro- 
duction of the Braun coupled systems that any imposing dimensions 
were attained. We have seen that the energy can be brought to 
exert itself instantly by the use of close coupling, so that vibrations 
of an explosive character are produced, but that while these can 
penetrate to great distances, they excite any receiver, whether 
syntonised or not. As we have seen, it has also become possible 
to render any amount of energy effective in the form of electrical 
waves, so that at present stations with a range of 600 miles represent 
merely ordinary types. 

It has already been pointed out that an excess of energy has 
always to be allowed for in practical wireless telegraphy, because 
the transmission of the energy varies greatly with the weather. 
Bright sunshine lessens the action considerably; and a still more 
unfavourable effect on the transmission of signals is produced by 
protracted spells of dry weather, during which the air becomes 
ionised. On the other hand, when the ionisation has been destroyed 
by rain, the original efficiency is at once restored. A soft, damp state 
of the atmosphere is best for the operations of wireless telegraphy, 
though the ordinary man would be inclined to think the opposite. 
For these reasons modern stations are always arranged to develop 
three times the maximum eflBciency required for their range. 

The explosive emission of energy resulting from close coupling 
must naturally be attended with great drawbacks when several 
stations are working simultaneously at short distances apart. 

Eecently, however, more delicate methods of operating have 
come into use by the introduction of loose coupling. We have seen 
how the reduction of the damping through resistance is attained at 
all points of the oscillation track, especially in the primary sender 
circuit by subdividing the spark-gap and constructing it of the most 
suitable length. In the receiver, the secondary system especially has 
been elaborated into an independent and almost undamped oscillator, 
to secure the clearest resonance with an effective sender oscillation. 
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Fig. 70.— Wireless Telegraphy at Pilot Stations. 
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Thus, with loose coupling, space is traversed by weak but elongated 
electric tones, which will only excite the identically tuned receiver 
by resonance, leaving all untuned receivers unaffected. 

On loose coupling in both sender and receiver rests the principle 
of attaining maximum freedom from disturbance and the possibility 
of selective or multiplex wireless telegraphy. 

True, the oscillations still traverse space and can be caught by 
any syntonised receptacle, and, what is worse, to catch the messages 
we only need the extremely sensitive telephone detectors, which 
react with any impulse, though the attainment of perfect resonance 
is immediately revealed by a maximum of sound in the telephone. 

This impossibility of maintaining secrecy in the messages is an 
undoubted defect of the new system of communication in comparison 
with telegraphy through wires, in which the connection is established 
between certain mathematical points only. The drawback may be 
lessened by using a secret code which prevents the meaning of the 
wireless message being understood by others. Furthermore, the 
removal of the difl&culty by the employment of a system of directed 
wireless telegraphy has been under consideration ; and Professor 
Braun recently announced at a meeting of the German Shipbuilders' 
Association at Berlin, that he had solved the problem, in principle, 
by using several differently-phased oscillations simultaneously 
(" phasenverschobene Schwingungen '*). For this purpose Braun 
employed several antennae in which oscillations partly of the same. 
a,nd partly of different phases were excited. Furthermore, he showed 
ah easy method of producing several oscillations of the same fre- 
quency but of a different phase. In this way it is possible to obtain 
diflferent actions in different directions, ix. a " directed wireless tele- 
graphy. !N"everthele8S, the practical results do not seem, so far, to 
have reached the level of theoretical requirements. 

Despite these limitations, the practical utility of wireless telegraphy 
is undeniable, and increasing in importance. To illustrate this more 
clearly, we may review its chief spheres of activity. 

The first proofs of the usefulness of wireless telegraphy were 
afforded by its application at pilot stations (fig. 70), and at present 
almost all such stations, and fire- and life-boat stations, are equipped 
with the apparatus (fig. 71). Many lives and much property have 
been saved by this means. The enormous superiority of electric 
waves to optical signals is nowhere more apparent than, in bad 
and especially foggy weather, since the small waves of light are 



Digitized by Google 



CONCLUSION 



103 



shattered against the comparatively large globules of fog, whereas 
the latter are, as it were, carried onwards by the gigantic electric 
waves being unable to check their advance. 

The new method of communication is also increasing in useful- 
ness for the commercial purposes of the mercantile marine. The 
advantages are self-evident, since important news can be transmitted 
between ships and shore, for hours, and even days, after leaving or 




Fig. 71. — Wireless Telegraphy at Light-ship Stations. 



before entering port ; and in case of accident or sea-damage, aid can 
be rendered promptly. Hence the number of coast stations are being 
constantly increased on every sea, and nearly all the large liners are 
now fitted with wireless telegraphic apparatus. This can be used at 
a low, fixed rate; and in some cases wireless messages of general 
importance are published on board in newspaper form. 

Special importance, and rightly so, is attached to wireless 
telegraphy in military circles. Probably no large man-of-war is 
without the necessary apparatus for wireless signalling, now that 
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technical skill has overcome the special difficulties arising from the 
presence of large masses of iron and restricted accommodation. 

Fig. 72 shows the German Imperial yacht Hohenzollern with 
wireless telegraphy installation. 

Incalculable advantage is secured by the possibility of thus 
transmitting orders from a flagship to the rest of the squadron, 
the individual members of which again are in close mutual touch 
by the same means. The centralisation of authority and increased 




Fig. 73. — Portable Wireless Telegraphy Station (waggon containing 
the source of power). 



facility for making reports and reconnoitring are also accompanied by 
a great saving in fuel and an increased sphere of operations, whilst 
the establishment of communication with the shore forts secures the 
inestimable advantage of co-operation between land and sea forces. 

A special application of tireless telegraphy to military purposes 
has been carried out in the German army. The chief problem was 
to obtain apparatus sufficiently portable to accompany marching 
troops, especially cavalry, even off the high roads. This difficult task 
was accomplished by the Telefunken Company by mounting all the 
station apparatus, including the current generators, on light army 
transport vehicles capable of going over any road or country, the 



Digitized by Google 



106 



WIRELESS TELEGRAPHY 



air conductors being elevated by means'of kites or balloons instead of 
masts. 

Fig. 73 shows the waggon conveying the source of power, 
namely, a benzine motor with condenser and all accessories, 
together with a dynamo generating a current of 120 volts at 
20 amperes = about 2*5 kilowatts. 

Fig. 74 shows the second waggon carrying the apparatus. The 




Fig. 74. — Portable Wireless Telegraphy Station (waggon conveying the apparatus). 



corps consists of an officer, a non-com. and five privates, in addition 
to the drivers ; and is shown on the march in fig. 75. 

Fig. 76 represents the unlimbering of a train and the setting up 
of apparatus for work, an operation taking only a very few minutes 
from the time of arriving on the ground. 

These portable stations have answered admirably in numerous 
manoeuvres, following the most rapid cavalry movements, and 
enabling full communication to be established between commanding 
officers over distances equal to several days' march. 

In order to direct the attention of students in high schools and 
universities to the importance of research in wireless telegraphy, the 
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Telef unken Company has constructed models illustrating the modvs 
operandi of the full-size»apparatus. 




Fig. 77. — Sender of Demonstration Apparatus. 




FiQ. 78. — Receiver of Demonstration Apparatus. 

Figs. 77 and 78 represent sender and receiver, but without 
aerial conductor, whilst fig. 79 illustrates a complete sender with 
slow-radiating aerial fitting, the latter consisting of a vertical 
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Fig, 79.— Complete Sender of Demonstration Apparatus for Wireless Telegraphy. 

(aerial-wire — counter-capacity). In the centre of the aerial con- 
ductor is mounted a coil for coupling purposes, and also a variable 
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self-induction (large bare wire coil) to regulate the wave length 
of the aerial conductor. 

By the use of loose coupling in sender and receiver, these models can 
be employed to demonstrate not only the transmission of wireless 
messages, but also the selective or multiplex wireless telegraphy with 
three different wave lengths. 

The foregoing review of the successive development of wireless 
telegraphy will have clearly illustrated the enormous advance that 
has been made in a comparatively short time. For a while it seemed 
threatened with grave danger. In consequence of fantastic reports 
the general public was led to overestimate the new means of com- 
munication to such an extent that the days of the cable were looked 
upon as over. Naturally a reaction set in, and hot enthusiasm was 
replaced by its antithesis. Nevertheless, the strenuous labour of pro- 
fessionals, and the recognition that wireless telegraphy has its natural 
limitations, have rescued it from discredit and directed public opinion 
into a healthy channel of active interest. Wireless telegraphy is 
destined to supplement and not displace the cable, and its aid will be 
the more valuable since the cost of installation and maintenance is 
lower than that of cable work. In fact, for a range of 600 miles the 
prime cost of a wireless installation is at most only one-tenth, and 
the cost of maintenance one-third that of a cable system. The special 
field of wireless telegraphy is that in which communication is to be 
established as quickly as possible, either temporarily or between' 
movable points. 

The last stages of development have (to use an expression of 
Hertz) placed us in the position of no longer being compelled to make 
in electrids music with wooden clappers, for we now have a whole 
range of tones at our disposal for the purpose. 

We are still far from the goal, achieved in acoustics, of uniting 
great intensity with the highest resonance possibilities, and for the 
present have to be content with the choice between the two. 

Such higher aims can only be realised by close co-operation of 
science and technology, which is in no field so essential as in wireless 
telegraphy. 
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In Handsome Cloth. With 252 Illustrations. 15s. net. 

THE THEORY OF THE STEAM TURBINE. 

A Treatise on the Prineiples of Construction of the Steam Turbine, 
with Hlstorfeal Notes on its Development. 

By ALEXANDER JUDE. 

CoNTBNTS^Fundamental.— Historical Notes on Turbines.— The Velocity of Steam.— 
Types of Steam Turbines.— Practical Turbines.— The Efficiency of Turbines, Type I.— 
Trajectory of the Steam.— Efficiency of Turbines, Types II.. III. and IV.— Turbine Vanes.— 
Disc and Vane Friction in Turbmes.— Specific Heat of Superheated Steam.— Strength 
of Rotating Discs.— Govemix^ Steam Turbines. — Steam Consumption of Turbines.— The 
Whirling oiShafts.— Speed of Turbines.— Index. 

"One of the latest text-books . . . also one of the best . . . there is absolutely 
no padding."— William IVkitt in the Times Engineering Supplement. 



In Large Grown 8vo. Handsome Cloth. With 131 Illustrations. Gs. net. 

LECTURES ON THE MARINE STEAM TURBINE. 

By Pbof. J. HARVARD BILES, M.Inbt.N.A., 

Professor of Naval Architecture in the University of Glasgow. 
"This is the best popular work on the marine steam turbine which has yet appeared."— 
SteamaMp. 

Works by BRYAN DONKIN, H.Inst.C.E., H.Inst.Heeh.E., fte. 

Fourth Edition, Revise^ and Enlarged. With additional Illustrations. 
Large 8vo, Handsome Cloth. 25s. net. 

A TEXT-BOOK ON 

GAS, OIL, AND AIR ENGINES. 

By BRYAN DONKIN, M.Inst.C.E., M.Inst.Mech.E. 

Contents.— Part I.— Gas Engines : General Description of Action and Parts.— 
Heat Cycles and Classification of Gas Eneines. — History of the Gas Ensine. — ^The 
Atkinson, GriflUa, and Stockport Engines.— The Otto Gas Engine.— Modern British Gas 
Engines.— Modem French Gas Engines.— German Gas Engines. —Gas Production for 
Motive Power. — Utilisation of Blast-furnace and Coke-oven Gases for Power.- The Theory 
of the Gas Engine.— Chemical Composition of Gas in an Engine Cylinder.— Utilisation of 
Heat in a Gai& Engine. — Explosion and Combustion in a Gas Engine. — Part II. — 
PetPOleum Engines : The Discovery, Utilisation, and Properties of Oil.— Method of 
Treating Oil. — Carburators. — Early Oil Engines. — Practical Application of Gas and Oil 
Engines.— Part III.— Air Engines.— Appkndicbs.— Index. 

*'The best book now published on Gas, OU, and Air Engines." — Engineer. 



In Quarto, Handsome Cloth. With Numerous Plates. 25s. 

THE HEAT EFFICIENCY OF STEAM BOILERa 

(LAND, MARINB, AND LOCOMOTIVE). 

By BRYAN DONKIN, M.Inst.C.E. 

GenbraL Contents.- Classification of Different Types of Boilers.— 425 Experiments on 
English and Foreign Boilers with their Heat Efficiencies shown in Fifty Tables. — Fire 
Grates of Virions Types.— Mechanical Stokers.— Combustion of Fuel in Boilers.— Trans* 
mission of Heat through Boiler Plates, and their Temperature.— Feed Water Heaters, 
Superheatevs, Feed Pumps, &c.— Smoke and its Prevention.— Instruments used in Testing 
Boilers.— Marine and Locomotive Boilers. — Fuel Testing Stations.— Discussion of the Trials 
and Conclusions.— On the Choice of a Boiler, and Testing of Land, Marine, and Locomotive 
Boilers. — Appendices. — Bibliography. — Index. 

Probably the most bzhaustivb ruumt that has ever been collected. A FSAonoAL 
Book by a thoronghly practical man.'*— /ron and Coal Trades Review. 
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Fourth Edition, Revised. Pooket-Size, Leather, 128. 6d. 

BOILERS, MARINE AND LAND!: 

THEIR CONSTRUCTION AND STRENGTH. 
A Bavdbook ov Ruu8» FobmuIaA, Taslbs, fto., BiLATiYx TO Matkbiai, 
SoAimjNos, AKD Pbbssusbs, Sapkty Valves, Sfbinos, 
Fittings AND Mountings, &a 
FOR THE USB OF ENGINEERS, SURVEYORS, BOILER-MAKERS. 
AND STEAM USERS. 

By T. W. TRAILL, M. Inst.O.E., P.E.R.N.. 

Late Bngineer Surreyoi^in-Chief to the Board of Trade. 
" Contains an Bnoufous Quaktitt of Invokmavioh arrranged In a rery conTenient form. . . 
A MOST UUFUL TOLUMi . . . sappljing Information to be had nowhere else."— 2^ J^fiflTtneM'. 



Fifth Edition. Large Grown 8yo. With nnmeroiu 
IllustrationB. 68. net. 

ENGINE-ROOM PRACTICE: 

A Handbook for Ensrlneeps and Offlceps in the Royal Navy and Mepcantile 
Mapine, ineludingr the Manasrement of the main and Auxiliapy 
Ensrines on Boapd Ship. 

By JOHN G. LIVERSIDGE, R.N., A.M.I.O.E. 

(7oii<ef»to.— General Description of Marine Machinery.^The Conditions of Service and 
Daties of Engineers of the Royal Na^y.^Entry and Conditions of Service of Engineers of 
the Leading S.S. Companies.— Baising^ Steam —Duties of a Steaming Watch on Engines 
and Boilers.— Shutting off Steam — Harbour Duties and Watches.- Adjustments and 
Bepairs of Engines.— Preservation and Bepairs of *'Tank" Boilers.— The Hull and its 
nttingB.— Gleaningand Painting Machinery.— Beciprocating Pumps, Feed Heaten. and' 
Automatic Feed -Water Begulfttora — Evaporators. — Steam Boats. — Electric Light 
Machinery.— Hvdraulic Machmery.— Air-Compressing Pumps.— Befrigerating Machines. 
—Machinery of Destroyers.— The Management of water-Tube Boilers.— Begnlations for 
Entry of Assistant Engineers, B.N.— Questions given in Examinations for Promotton of 
tfngiaaera, B.N.— Begnlations respecting Board of Trade Examinations for Engineers, 4o. 

**ThiB TBBT USKTDL BOOK. . . . lixusTBATiOKS are of osBAT iicposTAifcx in a woric 
of this kind, and it is satisfactory to find that spboxal attentiov has been given in thi» 
respact."- ^»Viii««r*' GasttU. 

Fifth Edition, Thoroughly Revised and Greatly Enlarged. 
With Numerous Illustrations. Price 10s. 6d. 

VALVES AND VALVE -GEARING ! 

A Practical Text-book for the use of Engineers, Draughtsmen, and Students^ 
By CHARLES HURST, Practical Draughtsman. 

PART I.— Steam Engine Valves. I PART III.— Air Compressor Valves and 

Part II.— Gas Engine Valves and Gearing. 

Gears. | Part IV.— Pump Valves. 

"Mm. HuBSV's VALVBS and VAivB-«ii.Biiro will prove a very valuable aid, and tend to the 
production of Engines (tfsoiBNnnc DBSioN and BooHOMiGALwosKiiro. . . . Will be largely 
sought after by Students and Designers."— IfaHNe JBngi»«er. 

** As a practical treatise on the subject, the book stands without a TiY&l"— Mechanical 
World, 



Hints on 8team Engrlne Deslsrn and Conatruotlon. By Charles 
HuBST, "Author of Valves and Valve Gearing." Second Edition, 
Revised. In Paper Boards, 8vo., Cloth Back. Illustrated. Price 
Is. 6d. net. 

GoNTXNis.— L Steam Pipes.— XL Valves.— IIL Cylinders.— IV. Air Pumps and Con- 
densers.- V. Motion Work.— VI. Crank Shafts and Pedestals.— VIL Valve Qear.-VIIL 
Lubrication.— IX. Miscellaneous Details — Imdsz. 

**Ahandy volume which every practical young engineer should possess.**— Mode' 
Bmginur, 
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CHARLES ORIFFIN C0.*8 PUBLICATIONS. 



Sbcn)ND Edition, Reyised. With nnmerous Plates reduced from 
Working Drawings and 280 Illustrations in the Text. 21s. 

A MANUAL OF 

LOCOMOTIVE ENGINEERING! 

A Praetieal Text-Book for the Use of Engine Builders, 
Designers and Drausrhtsmen, Railway 
Engineers, and Students. 

By WILLIAM FRANK PETTIGREW, M.Inst.CE. 
With a Beotion on Amerioan and Continental Engines. 
By albert F. RAVENSHEAR, B.Sc, 

Of Hia Majeity's Patent Office. 

aofUef»<«. — Historioal Introduction. 1763-1868. — Modem Locomotives: Simple.— 
Modern LooomotlTes: Oompound. - Primary Consideration in Looomotiye Design.— 
Cjllnden, Steam Ohests, and Stofflng Bozes.^Pistons, Piston Bods, Orossheads, and 
Sude Bars.— Oonnecting and Coupling Bods.— Wheels and Axles, Axle Boxes, Homblooka, 
and Bearing Springs.— Balancing.— Valve Oear.— Slide Valves and Valve Gear Details.— 
Framing, Bogies and Axle Tracks, Badial Axle Boxes.— Boilers.— Smokebox, Blast Pipe, 
Firebox Fittings.— Boiler Monntings.— Tenders.- Bailway Brakes.— Labrication.—Oon- 
snmptton of Fuel, Evaporation and Engine Efficiency.— American Locomotives.— Oon- 
linental Locomotives.— BepairB, Banning, Inspection, and Benewala— Three Appendices. 
-»Index. 

'^Tlie work cohkauts all that csan bs lxabht from a book apon snch a saMeot. It 
will at once rank as thx stahdaxd wobk upoh this difoktaiit subjsot."— Aa<2t0ay MagoMim, 



In Large 8vo. Fully Illustrated. 8s. 6d. net. 

LOCOMOTIVE COMPOUNDING AND SUPERHEATING. 

By J. F, GAIRNS. 

CoNTEKTS.— Introductory.— Compounding and Superheating for Locomotives.— A 
Classiflcation of Compound Systems for Locomotives.— The History and Development of 
the Compound Locomotive. — Two-Cvlinder Non-Automatic Systems. — Two-Cylinder 
Automatic Systems.— Other Two-Cylinder Systems.— Three-Cylinder Systems.— Four- 
Cylinder Tandem Systems.— Four-Cylinder Two-Crank Systems (other than Tandem). — 
Four-Cylinder Balanced Systems.— Four-Cylinder Divided ana Balanced Systems.— 
Articulated Compound Bngines.— Triple-Expansion Locomotives.— Compound Back 
Locomotives.— Concluding Remarks Concerning Compound Locomotives.— The Use of 
Superheated Steam for Locomotives.— Index. 

" A welcome addition to the library of the railway engineer.' —£^tn««rtn^ TimM. 



In Large %vo. Handsome Cloth. With Plates and Illuatrationa. 16$, 

LIGHT RAILWAYS 

AT HOME AND ABROAD. 

By WILLIAM HENRY OOLE, M.Inst.O.B., 

Late Deputy-Manager, North-Western Bailway, India. 
Contend.— Discuflsion of the Term Light Railways.'*— English Railways, 
Rates, and Farmers.— Li|ght Railways m Belgium, France, Italy, other 
European Countries, America and the Colonies, India, Ireland. —Roaa Trans- 
port as an alternative.— The Light Railways Act, 1896.— The Question of 
Gauge.— Construction and Working.— Locomotives and Rollixig-Stock.— Light 
Railways in England, Scothmd. and Wales.— Appendices and Index. 

Will remain, for some time yet a Standasd Wohk in everything relating to Light 
Bai\wm.''^Engineer. 

The whole sublect is bxhaustivklt and praotxgallt considered. The work can be 
cordially recommended as nmisPKVsABLK to those whose dnty it is to become acquainted 
with one of the prime necessitieB of the immediate fntara"~flatfw»v OtHcieU OatttU. 

lANDON : CHARLES QRIFFIN « CO.. LIMITED, EXETER STREET. STRAND. 



Digitized by 



ENQINEBRINO AND ME0BANIC8. 



31 



In Crown 8vo. Handsome Cloth. Fully Illustrated. 66. net. 

PRACTICAL CALCULATIONS FOR ENGINEERS. 

By CHARLES E. LARARD, 

A.M.lD8t.0.E.. M.LMech.E.. Wh.Exh.. 
Head of the Mechanical Engrineeriug Department at the Northampton Institute, London, E.O. 

And H. a. GOLDING, A.M.I.Mech.E. 

Contents.— Seotion I.— Contracted Methods of Calculation.— Technical Mensura- 
tion.— Practical Calculation by Logarithms.— The Slide S,ule and its Applications.— 
Squared Paper and its Uses. Seotion II.— Pulleys and Wheels in Train.— Speed Aatios 
and Practical Examples.— Principle of Moments Applied to Practical Problems. — Work 
and Power.— Energy and Speed Fluctuations.— Transmission of Work through Machines. 
—Friction and Efficiency.— Transmission of Power.— Shafting.— Motion on a Circle.— 
Momentum, Acceleration, and Force Action. Section ni.— Temperature Scales.— Units 
of Heat.— Specific Heat.— Heat and Work.— Heat Value of Fuels.— Heat Losses in Engine 
and Boiler Plant.— Properties of Steam.— Moisture and Dryness Fraction.— Steam and 
Fuel Calculations.— Boiler Efficiency. — Size of Boiler.— Engine Calculations.— Power, 
Indicated and Brake.— Calculations for Dimensions.— Steam Consumption and Willans 
Law.— Efficiencies, Comparative Costs of Power Production.— Commercial Efficiency. 
Seotion IV.- The Commercial side of Engineering.- Calculation of Weights.— Division 
of Costs, Material and Labour, Shop Charges and Establishment Charges.— Estimates.— 
Profit.— Use of Squared Paper in the Estimating Department and to the General 
Management. 

" Exactly what it should be in order to make it useful to students and practitioners of 
engineering.'— Manchester Ouardian. 



Sixth Edition. Folio, strongly half-bound, 21s. 

TRAVERSE TABX^ES: 

Computed to Four Places of Decimals tor every Minute of Anglo 
up to 100 of Distance. 
For the Use of Surveyors and Engineers. 

By RICHARD LLOYD GURDEN, 
Authorised Surveyor for the Governments of New South Wales and Victoria. 

Published vnih the Concurrence 0/ the Surveyors- General tor New South 
Wales and Victoria, 

'* Those who have experience m exact Surtby-wokk will best know how to appreciate 
the enormous amount of labour represented by this valuable book. The computations 
enable the user to ascertain the sines and cosines for a distance of twelve miles to witiiin 
half an inch, and this by rbfkrbncb to but Onb Table, in place of the nsoai Fifteen 
minute computations required. This alone is evidence of the assistance which the Tables 
ensure to every user, and as every Surveyor in active practice has felt the want of sudi 
assistance fbw knowing of thbir publication will remain without thbm." 

—Engineer 



Strongly Bound in Super Royal 8vo. Cloth Boards. 78. 6d. net. 




For Calculatingr Wages on the Bonus or Premium Systems. 

For Engineering, Technical and Allied Trades. 

By henry a. GOLDING, A.M.Inst.M.E., 

Technical Assistant to Messrs. Bryan Doukln and Clench, Ltd., and Assistant Lecturer 
in Mechanical Engineering at the Northampton Institute, London, E.C. 

"Cannot fail to prove practically serviceable to those for whom they have been 
designed."— iScoteman. 
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Second Edition. Large 8vo, Handsome Cloth. With 
IllustrationB, Tables, fto. 21 s. net. 

Lubrication & Lubricants: 

A Treatise on the Theory and Practiee of Lubrication, and on the 
Nature, Properties, and Testing of Lubricants. 

BT AHD 

LEONARD ABCHBUTT, F.I.Gm F.C.S., B. M. DBELEY, M.I.Mech.E., F.G.S. 

Chemist to the Mid. By. Co. Chief Loco. Super., Mid. By. Co. 

GONTBNTB.— L Friction of Solida.— II. Liquid Friction or Viscosity, and Plastic 
Friction.— IIL Snperflcial Tension.— IV. The Theory of Lubrication.— v. Lubricants, 
tholr Sources, Preparation, and Properties.— YI. Physical Properties and Methods of 
Snmination of Lubricants.— YII. Giiemical Properties and Methods of Examination 
of Lubricants.— vriL The Systematic Testine of Lubricants by Physical and Chemical 
Methods.— IX. The Mechanical Testing of Lubricants.— X. The Design and Lubrication 
of Bearings.— XI. The Lubrication of Machinery.— Inpkx. 

" Contains practically all that is known on the subject. Desenres the careful 
attention of all Engineers."- iSatlifwy Official Qazette. 



Fourth Edition. VeryfvUy lUustnUed, Oloth, 4«. M, 

STEAM - BOILERS: 

THEIR DSFEOTS, MANAGISMZSNT, AND OONSTRUOTION, 
By R D. MUNRO, 

{Ihitf Engineer of the Scottish Boiler Inswrtmee and Engine Intpection Company, 
" A valuable companion for workmen and engineers engaged about Steam Boilers, ought 
to be carefully studied, and always at hand."— C^//. Gnaniian. 



By thb samk Author. 

KITCHEN BOILER EXPLOSIONS: Why 

they Occur, and How to Prevent their Occurrence. A Practical Handbook 
based on Actual Experiment. With Diagram and Coloured Plate. 3s. 



In Crown ^0, Cloth, Fully Illustrated, 55. net, 

EMERY GRINDING MACHINERY. 

A Text-Book of Workshop Ppaetiee in General Tool Grinding, and the 
Desigrn, Construction, and Application of the Machines Employed. 

By R. B. HODGSON, A.M.Inst. Mech.E. 

'* Eminently practical . . . cannot fail to attract the notice of the users of this class of 
machinery, and to meet with careful perusal." — Chem. Trade Journal. 

Fifth Edition. In Two Parts, Published Separately. 
A TEXT-BOOK OF 

Engineering Drawing and Design. 

By SIDNEY H. WELLS, Wh.Sc, A.M.I.C.E., A.M.I.Mech.E. 
Vol. L — Pbactioal Geometry, Plane, and Solid. 48. 6d. 
Vol. II. — Machine and Engine Drawing and Design. 4s, 6d. 

ITitA many lUuatrcUUms, speciaUy prepareA far the Work, and nunurcui 

ExampleSf/or the Use 0/ Students in TechnuMl Schools and CoUeges, 

** A OAPiVAL nxv-BooK, arranged on an ■xcBium STsnM, calculated to glye an intelliceni 
map of the subject, and not the mere faculty of mechanical copying. . . . Mr. Wells shows 
^jMTto make oomplbti wokkiho-d&awihgb, discusBing fUlly each step in the design."— JBlMtrfool 
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In Three Parts. Crown 8vo, Handsome Cloth. Very Fully Illustrated. 

MOTOR-CAR MECNANISM AND MANAGEMENT. 

By W. POYNTER ADAMS, M.Inst.E.E. 
PART I.— THE PETROL CAR. 5s- net 

Sbcond Edition. With important new ApiMsdix, illustrating and defining parts 
of actual can in use. 

Contents.— Section I.— The Mechanism of the Petrol Car.— 
The Engine. — The Engine Accessories. — Electrical Ignition and Accessories. 
— Multiple Cylinder Engines. — The Petrol.— -The Chassis and Driving Gear. 
— Section II.— The Management of the Petrol Car.— The Engine. — 
The Engine Accessories. — Electrical Ignition. — The Chassis and Driving 
Gear. —General Management. — Appendix. — Glossary. — Index. 

" Should be carefully studied by those who have anything to do with motors,"— Aut0' 
mtbUe and Carria£e BtdleUrs^ Journal, 

\* PART 11. The Etoetrieal Car, and PART III. The Steam Car wiU be 
issued shortly. 



In Large 8vo. Handsome Cloth. Very Fully Illustrated. ISs. net 
A MANUAL OP 

PETROL MOTORS AND MOTOR-CARS. 

Comprising the Designing, Construction, and Working of Petrol Motors. 
By F. STRICKLAND. 

General Contents.— Part I. : Enoines.— Historical.— Power Required.— General 
Arrangement of Engines.— Ignition.— Carburettors.— Cylinders, Pistons, Valves, Ac- 
Crank Shafts, Crank Chambers, Cams, Runners, Guides, dkc— Pomps.- Flywheels.— 
Pipe Arrangements. — Silencers.— Engine Control, Balancing.— Motor Cycle Engines. — 
Marine Motors.— Two-Cycle Motors.- Paraffin Carburettors.— Gas Producers. Part 
II.: Cars.— General Arrangements. —Clutches. — Transmission.— Differential Gears. — 
Universal Joints.— Axles. — Springs. — Radius Rods. — Brakes. — Wheels. — Frames. — 
Steering Gear. — Radiator. — Steps, Mudfuards, Bonnets, &q. — Lubrication. — Ball 
Bearlngs.—Bodies.— Factors of Safety.— Calculations of Stresses.— Special Change Speed 
Gears.— Special Cars.— Commercial Vehicles.- Racing Cars.— Index. 

"ThorouArhly practical and scientific. . . . We have pleasure in recommending it to alL"^ 
—Mechanical Engineer. 



In Large Syo. Cloth. Fully Illnstrated. 10s. 6d. net. 

THE PROBLEM OP PLIGHT. 

By HERBERT CHATLEY, B.8c.(Eng.), London, 
Lecturer in Applied Meehanica Portsmouth Technical Institute. 
CoNTRNTa— The Problem of Flight— The Helix.— The ASroplaae.— The Aviplane.— 
Diri^ble Baloons.— Form and Fittings of the Airship.— Appbndicbs (The PotsU>ility of 
Flighty WeigfUf A Flexible Wing^ Iheory of Balance^ Bibliography).— TjXDKi. 
'* An epitome of the knowledge available on the subject"— Sboteman. 



In Grown 8to, Handsome Cloth. With 105 Illustrations. 5s. net. 

MECHANICAL ENGINEERING 

FOR BSOIKTKTSRS. 

By R. S. MCLAREN. 

Contents.— Materials.— Bolts and Nuts, Studs, Set Screws.— Boilers.— Steam Raishig 
Accessories. — Steam Tipes and Valves.- The Steam Engine.— Power Transmission. — 
Condensing Plant.— The Steam Turbine.— Electricity.— Hydraulic Machinery.— Gas and 
Oil Engines.— Strength of Beams, and Useful Information.— Index. 
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WORKS BY 

ANDREW JAMIESON, M.INST.C.K, M.I.E.E., F.R.S.E., 

Formerly Professor of Electrical Enghuerhtg^ The Glas, and W. of Scot. Tech. Cott, 



PROFESSOR JAMIESON'S ADVANCED TEXT-BOOKS. 

In Large Crown ^kfc. Fully IllustraUd, 

STEAM AND STEAM-ENGINES, INCLUDING TUBBINES 

AND BOILERS. For the Use of Engineers and for Students preparing 
for Examinations. With 800 pp., over 400 Illustrations, ii Plates, many 
B. of E., C. and G., Questions and Answers, and all Inst. C.E. Exams, 
on Theory of Heat Engines, Fifteenth Edition, Revised. los. 6d. 
" TIm Best Book yet published for the use of Students.**— i?A!;m«ffr. 

APPUED MECHANICS & MECHANICAL ENGINEERING. 

Including All the Inst, C,E, Exams, in (i) Applied Mechanics; 
(2) Strength and Elasticity of Materials; (3a) Theory of Structures; 
(ii) Theory of Machines ; Hydraulics, Also B. of E. ; C. and G. Questions. 

Vol. 1. — Comprising 568 pages, 300 Illustrations, and Questions: 
Part I., The Principle of Work and its Applications; Part II.: Friction, 
Lubrication of Bearings, &c. ; Different kinds of Gearing and their Appli- 
cations to Workshop Tools, &c. Fifth Edition. 8s. 6d. 
" Fully maintains the reputation of the Author." — Pract, Engineer, 

Vol. II. — Comprising Parts III. to VI., with over 800 pages, 371 Illus- 
trations ; Motion and Energy, Theory of Structures or Graphic Statics ; 
Strength and Elasticity of Materials ; Hydraulics and Hydraulic 
Machinery. Fifth Edition. 12s. 6d. 
**W«LL AND LUCIDLY WRiTTBN."— 7*** Engineer. 

*** Each of the above volumes is complete in itself, and sold separately. 



PROFESSOR JAMIESON'S INTRODUCTORY MANUALS 

Crown %vo. With lUustraHons and Examination Papers* 

STEAM AND THE STEAM-ENGINE (Elementajpy 

Manual of). For First- Year Students, forming an Introduction to the 
Author's larger Work. Eleventh Edition, Revised and Enlarged. 3/6. 

Should be in the hands of bvbry engineering upfxtiD^iiot.''' ^Practical Engineer, 

MAGNETISM AND ELECTRICITT (Praetieal Elementanr 

Manual of). For First- Year Students. With Stud. Inst. C. E. and B. of E. 
Exam. Questions. Seventh Edition, Revised and Enlarged. 3/6. 

" A THOROUGHLY TRUSTWORTHY Text-boolc PRACTICAL and ^issiX,*'— Nature, 

APPLIED MECHANICS (Elementary Manual of). 

For Furst-Year Students. With B. of E., C. and G. ; and Stud. Inst. C.E. 
Questions. Eighth Edition, Revised and Greatly Enlarged. 3/d. 

*' 'i*he work has vbry high qualitirs, which oiay be condensed into the one word 
' CLBAR.' "Science and A rt. 



A POCKET-BOOK of ELECTRICAL RULES and TABLES. 

For the Use of Electricians and Engineers. By John Monro, C.E., 
and Prof. Jamieson. Pocket Size. Leather, 8s. 6d. Eighteenth. 
Edition. [See p. 49. 
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WORKS BT W. J. MiCQUORN RANKINE, LL.D., F.R.S. 

ThopoufiTtaily Revised by W. J. MILLAR, O.E. 



A MANUAL OF APPLIED MECHANICS : Comprising the 

Principles of Statios and GinematicB, and Theory of Stmotnres, 
Medumism, and Machines. With Numeroos Diagrams. Crown 8vo, 
Cloth. Sbvsntbbnth Edition. 12b. 6d. 



A MANUAL OF CIVIL ENGINEERING: Comprising Engin- 

eering Surveys, Earthwork, Foundations, Masonry, Carpentry, Metal 
Work, Boads, Railways, Canals, Rivers, Waterworks, Harbours, &c. 
With Numerous Tables and Dlustrations. Crown 8yo, Cloth. 
Twenty-Thibd Edition. Ifis. 



A MANUAL OF MACHINERY AND MILLWORK : Com- 

S rising the Geometry, Motions, Work, Strength, Construction, and 
objects of Machines, &c. With nearly 300 Dlustrations. Crown 
Syo, Cloth. Sbvbnth Edition. 12s. 6d. 



A MANUAL OF THE STEAM-ENGINE AND OTHER 

PRIME MOVERS. With a Section on Gas, Oil, and Aib 
Engines, by Bbtan Donkin, M.Inst. C.E. With Folding Plates 
and Numerous Illustrations. Crown 8yo, Cloth. Sbvrntbbnth 
Edition. 12s. 6d. 



USEFUL RULES AND TABLES : For Architects, Builders, 
Engineers, Founders, Mechanics, Shipbuilders, Surveyors, kc. With 
Appbndix for the use of Elbotrioal Enginbbrp. By Professor 
Jamibson, M.Inst.O.E., M.I.E.E. Sbvbnth Edition. lOs. 6d. 



A MECHANICAL TEXT -BOOK: A Practical and Simple 
j^troduction to the Study of Mechanics. By Professor Rankinb 
and E. F. Bambbb, C.E. With Numerous Illustrations. Crown 
8vo, Cloth. Fifth Edition. 9s. 

*«* Tkt "Mbghahioal Tkxx-Book" wa» detigned fry ProfeMor KAinmra m an Intbo- 
DUonoM to tJie above Seriet of ManttaU. 



MISCELLANEOUS SCIENTIFIC PAPERS. Part I. Tempera, 
ture. Elasticity, and Expansion of V^apours, Liquids, and Solids. 
Part II. Energy and its Transformations. Part III. Wave-Forms, 
Propulsion of Vessels, &n. With Memoir by Professor Tait, M.A. 
With fine Portrait on Steel, Plates, and Diagrams. Royal 8vo. 
Cloth. 31s. 6d. 

" No more enduring Memorial of Professor Rankme could be devised than the puUica- 
lioB of the«e papers in an accessible form. . . . The Collection is most valuable on 
aoooont of the nature of his discoveries, and the beauty and completeness of his analjnRS." 
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CHARLES QlilFFlN di 00.' 8 PUBLIOATIONS, 



Third Edition, Thoroughly Revised and Enlarged, With 6o Plates and 
Numerous Illustrations. Handsome Cloth. $4$, 

HYDRAULIC POWER 

AND 

HYDRAULIC MACHINERY. 

BT 

HENRY ROBINSON, M. Inst. C.E., F.GS., 

FELLOW OF KIMgTs COLLMSB, LONDON ; PROF. KMBRITU5 OF CIVIL BNGINBBRING, 
king's COLLSGB, BTC., BTC 

Contents — Discharge through Orifices. — Flow of Water through Pipes. — ^Accumulators. 
—Presses and Lifts. — Hoists. — Rams.— Hydraulic Engines.— Pumping £ngines.— Capstans. 
— Traversers. — Jacks. — Weighing Machines. — Riveters and Shop Tools. — Punching, 
Shearing, and Flanging Machines. — Cranes. — Coal Discharging Machines. — Drills and 
Cutters. — Pile Drivers, Excavators, &c.— Hydraulic Machinery applied to Bridges^ Dock 
Gates, Wheels and Turbines.— Shields. — Various Systems and Powor Installations — 
Meters, &c— Index. 

''The standard work on the application of water power." — CassUrs Magazine. 



Second Edition, QretxUy Enlarged. With Frontispiece, eevertU 
Plates, and over 250 lUustrationa. 2l8, net, 

THE PBINCIPLES AND CONSTRUCTION OF 

PUMPING MACHINERY 

(STEAM AND WATER PRESSURE). 

With Praotioal IllustrationB of Enoinbs and Pumps applied to Mining, 
Town Water Supply, Dbainaok of Lands, &o., also Economy 
and Ef&oiency Trials of Pumping Machinery. 

By henry DAVBY, 

MemlMr of the Institntion of CItU Engineers, Member of the Instttation of 
Mechanioal Engineers, F.O.S., Ao. 

Contents —Early History of Pumping En^es— Steam Pumping Engines- 
Pumps and Pump Valves — General Principles of Non-Botative Pumping 
Engines — The Cornish Engine, Simple and Compound — ^Types of Mining 
Engines — Pit Work — Shaft Sinking — Hydraulic Transmission of Power in 
Mines — Electric Transmission of Power— Valve Gears of Pumping Engines 
— Water Pressure Pumping Engines — Water Works En^es — Pumping 
Engine Economy and Tnals of Pumping Machinery— Centrifugal and other 
Low-Lift Pumps— Hydraulic Bams, Fumping Mains, &c— Index. 

'*By the *one English Engineer who probably knows more about Pnmpiiig Maehinery 

Uian ANT OTHKK.' ... A VOLUMB KBOOBDINa THK SBSULTS OF LONO SXPBBIXHCK AND 

BTUDT."^^ Engineer. 

"Undoubtedly THs bbst and most ntAonoAL trsatisb on Pnmping Machinery thai has 
ner bxbv pubushbd. "—i/in^n^ Journal. 
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At Pbess. In Larj^ 8yo. Handsome Cloth. Profusely Illustrated. 
In Two Volumes, Each Complete in itself, and 
Sold Separately. 

THE DESIOKT 



AND 

CONSTRUCTION OF SHIPS. 

By JOHN HARVARD BILES, M.Inst.N.A., 

Professor of Naval Architecture in Glasgow University. 

Contents of Volume I.— Pakt I. : General CoDsiderations.— Methods of Determin- 
ation of the Volume and Centre of Gravity of a known Solid. — Graphic B,ules for 
Integration. — Volumes and Centre of Gravity of Volumes.— Delineation and Descriptive 
Geometry of a Ship's Form.— Description and Instances of Ship's Forms.— Description 
of Types of Ships. Fart II. : Calculation of Displacement, Centre of Buoyancy and 
Areas.— Metacentres.— Trim.— Coefficients and Standardising.— Results of Ship Calcula- 
tions.— Instruments Used to Determine Areas, Moments, and Moments of Inertia of 
Plane Curves.— Cargo Capacities —Effects on Draught, Trim, and Initial Stability due 
to Flooding Compartments. — Tonnage. — Freeboard. — Launching. — Application of the 
Integraph to Ship Calculations. — Straining due to Unequal Longitudinal Distribution 
of Weight and Buoyancy.— Consideration of Stresses in a Girder.— Application of Stress 
FormulsD to the Section of a Ship.— Shearing Forces and Bending Moments on a Ship 
amongst Waves. — Stresses on the Structure when Inclined to tbe Upright or to the 
Line of Advance of the Waves. ^ Distribution of Pressure on the Keel Blocks of a 
Vessel in Dry Dock. — Consideration of Compression in Ship Structure. 



BY PROFESSOR BILiBS. 

LECTURES ON THE MARINE STEAM TURBINE. 

With 181 llluatrationa. Price 68. net 
See page 28. 



RoyiU 8tto, Handsome Cloth. With numerous Illustrations and Tables, ,26s. 

THE STABILITY OP SHIPS. 

BY 

SIR EDWARD J. REED, K.C.B., F.R.S., M.P., 

OnGHT OF TM> IMPERIAL OKDBRS OF ST. STANILAU8 OF RUSSIA; FRANCIS JOSVH OF 
AUSTRIA; MBDJIDIB OF TURKEY; AND RISING SUN OF JAPAN; VICS- 
PRBSIDBNT OF THK INSTITUTION OF NAVAL ARCHITBCTS. 

" Sir Edward Rsbd's ' Stability of Ships ' is invaluablb. The Naval Architbct 
will find brought together and ready to his hand, a mass of infonnation which he would other- 
wise have to seek in an almost endless variety of publicatioiis, and some of which he would 
possibly not be able to obtain at all elsewhere."—- iS/mMfA«>. 
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WORKS BY THOMAS WALTON, 
NAVAL ARCHITECT. 



Fourth Edition. Illustrated with Plates, Numerous Diagrams, and 
Figures in the Text. 

STEEL SHIPS! 

THBIB OONSTBUOTION AND MAINTENANCE. 

A Manual for Shipbuildera, Ship Superintendenta, Students, 
and Marine Engineers. 

By THOMAS WALTON, Naval Architect, 

AUTHOR OF "know YOUR OWN SHIP." 

GONTSNTB. — I. Manufacture of Oast Iron. Wrought Iron, and Steel. — Gom- 
position of Iron and Steel, (Quality, Strength, Tests, &c. II. Classification of 
Steel Ships. III. Considerations in making choice of Tvpe of VeaseL —Framing 
of Ships. lY. Strains experienced by Shii>s.— Methods of Compuiixig and 
Coxnparing Strengths of Ships. V. Construction of Ships. — Alternative Modes 
of Construction.— Types of Vessels.— Turret, Self Trimming, and Trunk 
Steamers, &c. — ^Rivets and Rivetting, Workmanship. VI. Pumpiiig Arrange- 
mentik VII. Maintenance. — Prevention of Deterioration in the Hulls of 
SMps. — Cement, Paint, &c.— Index. 

51a thnmnah m.nA WAit writtAn in Avet 



So thorouKh and weil written is every chapter in the book that it is dlfflonlt to select 
of them as being worthy of exceptional praise. Altogether, the work is excellent, and 
prove of great value to those for whom it is intended."— 77^ Engineer. 



In Handsome Cloth. Very fully Illustrated. 7s. 6d. net. 

PRESENT-DAY SHIPBUILDING. 

For Shipyard Students, Ships' Officers, and Engineers, 
By THOS. WALTON. 

GsNXRAL CoNTEMTS. — Classification. —Materials used in Shipbuilding. — 
Alternative Modes of Construction. — Details of Construction. — Framing, 
Plating, Rivetting, Stem Frames, Twin-Screw Arrangements, Water 
Ballast Arrangements, Loading and Discharging Gear, &c. — Types of 
Vessels, including Atlantic Liners, Cargo Steamers, Oil carrying Steamers, 
Turret and other Self Trimming Steamers, &c.— Index. 

"Simple language . . . clear and easily followed illustrations." — 
Engineering Supplemeiit. 

" We heartily recommend it to all who have to do with Bhipa."—Steam8hip. 



Ninth Edition. lUmtrfUed, Handsome Clothe Crown 8vo, 7b. €d. 

The Chapters on Tonnage and Freeboapd have been bpought thoroughly 
up to date, and embody the latest (1906) Board of Trade Regulations on 
these subjects. 

KNOW YOUR OWN SHIP. 

By THOMAS WALTON, Naval Architect. 
Specially arranged to suit the requirements of Ships' Officers, Shipowners, 
Superintendents, Draughtsmen, Engineers, and Others, 



CONTHifTS. — Displacement and Deadweight. — Moments. — Buoyancy. — Strain. — 
Itructure.— Stability. — Rolling. —Ballasting. — Loading.— Shifting Cargoes.— Bflfect of 
Admission of Water into Ship.— Trim Tonnage.— Freeboard (Load-line).— Calculations.— 



Set of Calculations from Actual Drawings.— Index. 

<i " The work is of the highest value, and all who go down to the sea in ships should makethem- 
selves acquainted with it?' —Shipping World (on the new edition). 
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GRIPPIN^S NAUTICAL SERIES. 

Editbd by EDW. BLACKMORE, 
Master Mariner, First Class Trinity Hoose Gertifloate, Assoc. Inst. N.A. ; 
And Written, mainly, by Sailobs for Sailobs. 



"This admibablb sebies."— ^airp^* ' A tebt useful sbbibs."— Mature. 
"Bybby Ship should have the whole Series as a Referenoe Library. Hand- 

80MBLY BOUND, CLEARLY PRINTED and ILLUSTRATED."— 2;{O09yoo2 Jowm. of ConWMirce. 



The British Hereantile Marine: An Historioai Sketoh of its Rise 

and Development. By the Editor, Capt. Blaokxore. 8s. 6d. 

" Captain Blackmores SPLENDID book . . . contains paragraphs on every point 
of Interest to the Merchant Marine. The 243 pages of this book are the most VALU- 
ABLE to the sea captain that have eteb been compiled."— Jftfreftont Service Beoiew. 



Elementary Seamanship. By D. Wilson-Barker, Master Manner, 
F.B.S.E., F.KG.S. With numerous Plates, two in Colours, and Frontispiece. 
FOURTH Edition, Thoroughly Bevised. With additional niustrations. 68. 
"This admirable manual, by Capt. Wilson Babkbb, of the 'Worcester,' seema 

to us PEBFEOTLT DESIGNED. "-AtAmOHMn. 



Know Your Own Ship : A Simple Explanation of the Stabihty, Con- 
struction, Tonnage, and Freeboard of Ships. By THOS. Walton, Naval Architect. 
NINTH Edition. 7s. 6d. 

"Mr. Walton's book will be found very useful."— TA* Engineer. 



Navigation : Theoretical and Praetieal. By D. Wilson-Babker 

and William Allinoham. Second Edition, Eeviaed. 8s. 6d. 
"PREdSELY the kind of work required for the New Certificates of competency. 
Candidates will fhid it invaluable. "—Dundee Advertiter, 



Marine HeteorolO^: For Officers of the Merchant Navy. Bv 
William Allinoham, Arst Class Honours, Navigation, Science and Art Department. 
With Illustrations and Maps, and faenmHe reproduction of log page. 7s. 6d. 
"Quite the best publication on this anhject."— Shipping Gazette. 



Latitude and Longitude : How to find them. By W. J. Millab,. 

C.B. Second Edition, Bevised. 28. 

" Cannot but prove an acquisition to those studying Navigation."— JToKtM Engineer. 



Praetieal Heehanies : Applied to the reqnirements of the Sailor. 

By Thos. Mackenzie, Master Mariner, F.B.A.S. Third Edition, Bevised. Ss. 6d. 
" Well worth the money . . . exceedinqly bslpful."— Shipping World. 



Trigonometry : For the Young Sailor, &c. By BiOH. 0. Buck, of the 
Thames Nautical Training College, H.M.S. " Worcester." Third Edition, Bevised . 
Price 8s. 6d. 

This eminently practical and reUable Yolxune."— Schoolmaster. 



Praetieal Algrebra. By Rioh. C. Buck. Companion Volume to the 
above, for SaUors and others. Second Edition, Bevised. Price Ss. 6d. 
" It is JUST THE BOOK for the young sailor mindful of progress."— ^outiedrf Magagine. 



The Legal Duties of Shipmasters. By Benedict Wm. Ginsbubg, 

M.A., LL.D., of the Inner Temple and Northern Circuit: Barrister-at-Law. SECOND 
Edition, Thoroughly Bevised and Enlarged. Price 4s. 6d. 

" Invaluable to masters. , . . We can fully recommend it '—ISiipping Qatette. 



A Medieal and Surgieal Help for Shipmasters. Including First 

Aid at Sea. By Wm. Johnson Smith, F.B.C.S., rancipal Medical OfficerT^amen's^ 
Hospital, Greenwich. Third Edition, Thoroughly Bevised. 68. 

** SOUND, judicious, REALLY HELPFUL."— T%6 iMncet. 
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CHARLES GRIFFIN <6 C0:8 PUBLICATIONS. 



GRIFFIN'S NAUTICAL SERIES. 



Introductory Volume. Price Ss. 6d. 

British Mercantile Marine. 

Bt EDWARD BLAOKMORE, 

MASTBR MARINBR; ASSOCIATB OP THB INSTITUTION OP NAVAL ARCHITBCTS; 
MBlfBBR OP THB INSTITUTION OP BNGINBBRS AND SHIPBUILDBRS 
IN SCOTLAND ; BDITOR OP GRIPPIM'S "NAUTICAL SBRIBS." 

General Gontbnts.— Histobioal : From Early Times to 1486— Progren 
onder Hemry VIII.— To Death of Mary— Dnrine Elizabeth's Beign— to 
the Beign of William III.— The 18th and 19th Centuries— Institation of 
Examinations — Bise and Progress of Steam Propulsion — Development of 
Free Trade— Shipping Legislation, 1862 to 1875— " Locksley Hall^ Case— 
Shipmasters' Societies— Loading of Ships — Shipping Legblation, 1884 to 1894 — 
Statistics of Shipping. Thb PEBSomncL : Shipowners— Officers— Marinen— 
Dnties and Present Position. Education: A Seaman's Education: what it 
should be— Present Means of Education— Hints. Disoiplinb and Dutt— 
Postscript— The Serious Decrease in the Number of British Seamen, a Matter 
demanding the Attention of the Nation. 

iBTBBssTDfa and IxrsimuornrB . . . may be read with fbosti and hnjotmsnt."- 
Bltugm Berald, 

'^Svssr BRANCH of the sabjeot is dealt with in a way which shows that the witter 
* knows the ropes* familiurly.**— iSeotmian. 

**This ADMntABU book . . . tbbmb with nsefol information—Shonld be in flie 
hands of every Sailor.**— fFetferw Moming Nem. 



Fourth Edition, Thoroughly Remsed. With Additumcd 
IllustrcUions. Price 68. 

ML BKJLNUJLILi OS" 

ELEMENTARY SEAMANSHIP. 

BT 

O. WILSON-BABKER, Master Mariner; F.B.S.E., F.B.G.S.,&a, &o. 

TOUN QER BROTEDBR OT THB TBINITT HOUSB. 

With Frontispiece, Numerous Plates (Two in Colours), and Illnstrations 

m the Text. 

General Contents.— The Building of a Ship; Parts of Hull, Masts, 
Ac.— Bopes, Enots^ Splicing, &c. — (rear. Lead and Log, &c. — Busing, 
Anchors— Sailmakmg— The Sails, &c. —Handling of Boats under Sail — 
Signals and Signalling — Bule of the Road— Keeping and Belieying Watch — 
Points of Etiquette— Glossary of Sea Terms and Phrases — Index. 

*«* The Tolnme contains the nkw bulbs or the road. 

" This ADHDUBLB KAHUAL, by Oapt. Whjboh-Babkxr of the ' Worcester/ seems to na 
FBinoxLT DxsioHXD, and holds its place excellently in * Gammv's Nadtioal Skbixs.' . . . 
Although intended for those who are to become officers of the Merchant Navy, it will be 
found useful by all ^kQaBXSS.^^'^Aihmmm. 

%* For complete List of Gbdvut's Nautioal Sbbibs, see p. 89. 
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GRIFFIN'S NAUTICAL SERIES, 

Second Edition, Revised cmd IHuePraied, Price Ss. 6d. 

ISTAVIGhATION: 

PRlLCXTClLXi AND 'X'HEORE'X'IClLXi. 

By DAVID WILSON-BARKER, RN.R, F.R.S.E., <fea, <fca. 

WILLIAM ALLINGHAM, 

nitSI-OLASS HONOUBS, NAYIQAXION, SCHENOB AND ART DBPABTXBNT. 

TPOlitb ftumetoua ^lluattatiottB an5 ^anamination dtucBtiond. 

General Contents.— Definitions— Latitude and Longitude— InstromentB 
of Navigation — Correction of Courses — ^Flane Sailing — Traverse Sailing— Day's 
W<Hrk — Parallel Sailing — Middle Latitude Sailing — Mercator's Chart— 
Mercator Sailing — Current Sailing — ^Position bvBearings— Great Circle Sailing 
— The Tides — Questions — Appendix: Compass flrror— Numerous Useful Hints, 
ftc. — Index. 

Pbboiskly the kind of work required for the New Certificates of oompetency in grades 
tcouL Second Ifate to extra Master. . . . Candidates will find it DnrAUiABU.*'— ZHmmIw 

OAPTTAL URLB BOOK . . . specially adapted to the New Examinations. Hie 
Anthors are Oapt. Wxlson-Babxkb (Captain-Superintendent of the Nautical College, H.M.a 
' Worcester/ who has had great experience in the highest problems of Navigation), and 
Mb. Aluhohak, a well-known writer on the Science of Navigation and Nautical Astronomy. ** 
-SMpfing World. 



Handsome Gloth, Fully Illustrated. Price 7a. 6d. 

MARINE METEOROLOGY, 

FOB OFFICERS OF THE MERCHANT NAVT. 

By WILLIAM ALLINGHAM, 

Joint Author of "Navigation, Theoretical and Practical." 

With numerous Flares, Maps, Diagrams, and Illustrations, and a facsimile 
Reproduction of a Page from an actual Meteorological Log-Book. 

SUMMARY OF CONTENTS. 

INTBODUOTOBT.— Instruments Used at Sea for Meteorological Purposes.— Meteoro- 
logical Log-Books.— Atmospheric Pressure.— Air Temperatures.— Sea Temperatures.— 
winds.- Wind force Scales.— History of the Law of Storms.— Hurricanes, Seasons, and 
Storm Tracks.— Solution of the Cyclone Problem.— Ocean Currents.— Icebergs.— Syn- 
chronous Charts.— Dew, Mists, Fogs, and Haze.— Clouds.— B.ain, Snow, and Hall.— 
Mirage, Rainbows, Coronas, Halos, and Meteors.— Lightning, Corposants, and Auroras.— 
i^uEsnoNS.— Appendix.— Index. 

" Quite the bbst publication, and certainly the most iNTBEBSTino, on this sulgeet ever 
presented to Nautical men"— Shipping Qasutte. 

*«* For Complete List of Griffin's Nautical Sebibs, see p. 39. 
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GRirrnrs nautical series. 

Third Edition, Rsvisbd. With Nameroiu IllustratioDS. Price 8b. 6d. 

Practical Mechanics: 

Applied to the Bequirements of the Sailor. 
By THOS. MACKENZIE, 

MmUt Jiarin&r, F.R.A.a. 
Oknbral CoirrBNTS.— Resolution and Compoaition of Forces— Work done> 
by Machines and Laying Agents— The Mechanical Powers: The Lever; 
Derricks as Bent Levers — The Wheel and Axle : Windlass ; Ship's Capstan ; 
Grab Winch— Tackles : the *'01d Man"— The Inclined Plane; the Screw— 
The Centre of Gravity of a Ship and Cargo — Relative Strength of Rope : 
Steel Wire, MamUa^ Hemp, Coir— Derricks and Shears— Calcmation of the- 
Cross-breaking Strain of Fir Spar— Centre of Effort of Sails — Hydrostatics: 
tiie Diving-bell ; Stability of Floating Bodies ; the Ship's Pmnp. &c. 

" This xxoellent book . . . contains a LAsai amount ot information." 
-^Nature, 

** Well wobth the money . . . will be found bxokedinolt helpvul."— 
Shipphi(f World 

"No Ships' Ottioebs' bookoase will henceforth be complete withoat 
Oaftain Mackenzie's * Pbaotioal Mbohanios. ' Notwithstanoing my many 
years' experience at sea, it has told me Jiow much more there it to acquire," — 
(Letter to the Publishers from a Master Mariner). 

« I must express my thanks to you for the labour and care you have takep 
in ' P&AonoAL Mechanics.' . . . ' It is a life's experience. . . . 
What an amount we frequently see wasted by ruling purchases without reason 
and accidents to spars, «c., &c. ! 'Practical Mechanics' would save all 
THIS." — (Letter to the Author from another Master Mariner). ' 



WORKS BY RICHARD C. BUCK, 

Of the Thames Nautical Training College, H.M.S. ' Woroeiter.* 

A Manual of Trigonometry: 

With Diagrams, Examples, and Exercises. Price 8s. 6d. 

Third Edition, Revised and Corrected. 
*«* Mr. Buck's Text-Book has been specially prepared with a view 
to the New Examinations of the Board of Trade, in which Trigonometry 
is an obligatory subject. 

"This BxnmrTLY pRAcncAL and bxliablb yoLxna."Sehoolm€uter. 

A Manual of Algebra. 

Designed to meet the Requirements of Sailora and others. 
Second Edition, Revised. Price 3s. 6d. 

*** These elementary works on aiokbra and tbioonomktrt are written specially for 
thoee who will have little opportunity of consulting a Teacher. They are books for "sslt 
HBLP." All bat the simplest explanations have, therefore, been avoided, and answxbs fee 
the BKerdsee are givea Any person may readily, by oarefnl stndv, become master of theL' 
contents, and thus lay the foundation for a further mathematical coarse, if desired. It is 
hoped that to the younger Officers of our Mercantile Marine they will be found decidedly 
■mrviceable. The Examples and Exercises are taken from the Examination Papers set for 
the Oadets of the Worcester.'' 

^' Olearly arranged, and well got up. ... A first-rate Elementary Algebra.*'-* 
ifautieal Magazine. 

%*For comnlete List of Gmyimr's Nautioal Skbibs. see p. 89. 
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GRIFFiys NAUTICAL SERIES. 

Sboond Edition, Thoronghly Revised and Extended. In Crown 8vo. 
Handsome Cloth. Price 4s. 6d. 

THE LEGAL DUTIES OF SHIPMASTERS. 

BY 

BENEDICT WM. GINSBURG, M.A., LL.D. (Oantar), 

Of the Inner Temple and Northern Circuit; Barrister-at-Law. 

General Contents.— The Qualification for the Position of Shipmaster— The Ck>n- 
tract with the Shipowner— The Master's Duty in respect of the Grew : Bngagement 
Aproentices; Discipline; ProTisions, Accommodation, and Medical Comforts ; Payment 
of wages and Discharge— The Master's Dutv in respect of the Passengers— The Master's 
Financial BesponsibiUties— The Master's Duty in respect of the Cargo— The Master's 
Duty in Case of Casualty— The Master's Duty to certain Public Authorities— The 
Master's Duty in relation to PUots, Signals, Flass, and Light Dues— The Master's Duty 
upon ArrtTal at the Port of Discharge— Appendices relative to certain Legal Matters : 
Board of Trade Certificates, Dietaiy Scales, Stowage of Orain Cargoes, Load Line Regula- 
tions, Life-saving Appliances, Carriage of Cattle at Sea, Ac, Ac— Copious Index. 

No Intelligent Master should fail to add this to his list of necessary books. A few lines 
of it may says a lawtbb's ns, BKsmKS lumLBss yraaxi."— Liverpool Journal of OomtMree, 

" Sbhsoblb, plainly written, in clear and non-tbohsigal lanouaox, and wiV be fimnd of 
MUOH sBSYios By the Shipmaster.*'— iiri<i<A Trade Review. 



Second Edition, Revised. With Diagrams. Price 2b. 

Latitude and Longitude: 

How to Find tlxem. 

By W. J. MILLAK, O.E., 

Late Secretary to the Inst, o/ Engineers and SMpHmildert in acotkmd. 

' *' Concisely and clearly wbittek . . . cannot bnt prove an acquisition 
to those studying Navigation." — Maaine JSngineer. 

Yonng Seamen will find it handt and useful, simple and olbar."— I'Ad 
3ngmeer. 



FtRST AID AT SEA. 

IThibd Edition, Revised. With Coloured Plates and Kamerons IHnstra- 
tions, and comprising the latest Regulations Respecting the Carriage 
of Medical Stores on Board Ship. Price 6s. 

A MEDICAL AND SURGICAL HELP 

FOR SHIPMASTERS AND OFFICERS 
IN THE MERCHANT NAVY. 

By WM. JOHNSON SMITH, F.RO.S., 

Principal Medical Officer, Seamen's Hospital, Greenwich. 

*,* The attention of all interested in oar Merchant Navy is requested to this exceedingly 
tisefnl and Talaable work. It is needless to say that it is the outcome of many years 
PBAOHCAL xzPBBUtNC]; amongst Seamen. 

SoUHD, JUPidOUB, BSALLT WKLpvfjh"—The Lanctt. 

For Complete List of Griffin's Nautioal Series, see p. 39. 
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0HARLB8 QRIFFIN dk GO.'S PUBLICATIONS. 



GRIFFIW^B NAUTICAL SERIES^ 

Ninth Edition. Revised^ with CJunpters on Trim, Buoyancy , and Calctda- 
tions. Numerous lUuatrationa, Handsome Cloth, Grown 8vo. Price 78. 6d. 

KNOW YOUR OWN SHIP. 

By THOMAS WALTON, Naval Architect. 

8peoi ally arranged to suit the requirements of Ships' Officers, Shipowners, 
Superintendents, Draughtsmen, Engineers, and Others, 
This work explains, in a simple manner, such importants nbjects as:— Displacement.— 
Deadweight— Tonnage.— Freeboard. — Moments.— Buoy anoy.-> Strain.— Structnre.— Stab- 
ility.— Boiling.— Ballasting. — Loading. — Shifting Cargoes. — Admission of Water.— Sail 
Area. — &c. 

" The little book will be found bxcebdinglt handt by most officers and officials connected 
with shipping. ... Mr. Walton's work wUl obtain lasting success, because of its unique 
fitness for those for whom it has been yunttcin"— Shipping World. 



BY THE SAME AUTHOR. 

Steel Sbips: Their Constrnction and Maintenance. 

(See page 38.) 



Sixteenth Edition, TJiorougJUy Revised, Large Svo, Cloth, 
pp, i-xxiv+712. With 250 Illustrations, reduced from 
Working Drawings, and 8 Plates, 2\s, net. 

A MANUAL OF 

MARINE ENGINEERING: 

COMPRISING THE DESIGNING, CONSTRUCTION, AND 
WORKING OP MARINE MACHINERY. 

By A.E. SEATON, M.LC.E., MJ.Meeh.EM H.LN.A. 

General Contents. — Pabt I. — Principles of Marine Propulsion. 
Pabt II. — Principles of Steam En^eenng. Part III. — Details of 
Marine Engines : Design and Calculations for Cylinders, Pistons, Valves, 
Expansion Valves, &c. Part IV.— Propellers. Part V. — Boilers. 
Part VI. — Miscellaneous. 

"The Student, Draughtsman, and Engineer will find this work the most valuable 
Handbook of Reference on the Marine Engine now in exiBtence."— ifaWM Englnieer, 



Ninth Edition, Thoroughly Revised. Pooket-Size, Leather. 8s. 6d. 
A POCEET-BOOK OF 

MARINE ENGINEERING RULES AND TABLES, 

FOR THE USE OF 

Mariiie Engineers, Naval Arehiteets, Designers, Draughtsmen, 
Superintendents and Otliers. 

By a. K seat on, M.I.O.E., M.LMech.E., M.I.N. A... 

AND 

H. M. ROUNTHWAITE, M.I.Mech.E., M.I.N.A 

" The best book of its kind, wd the information is both up-to-date and reliable."^ 
Engineer. 
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WORKS BT PROF. ROBERT H. SMITH, Assoe.M.LC.E.» 

M.LMeelLE., M.LELE., M.LMiiij:., Whit Sch., M.Ord.MeiJL 



SscoND Edition, Revised, In Crown Svo, extra, with Diagrams 
and Folding-Plate, Sa. ScL 

THE OALOULUS FOR ENGINEERS 
AND PHYSICISTS, 

Applied to Teehnieal Problems. 

WITH XXTENSIVB 

OIiASSIFIED BEFEBENOE LIST OF INTEGBAIiS. 

By PROF. ROBERT H. SMITH. 

** Pkor. A. H. Sm ITH'B book will be serviceable in rendering a hard road ab iast ab pbagtic- 
ABLB for the non-mathematical Student and Engineer."— ^tAencntm. 

" Interesting diagrams, with practical illustrations of actual occurrence, are to be found here 
in abundance. Thb tbbt complbtb clabsifixd BBra&BNCB tablb will prove very useftil Id 
saving the time of those who want an integral in a hurry."— Z%« Enaineer. 



In 4to, Boards, 78. 6d, 

MEASUREMENT CONVERSIONS 

(English and Frenoh): 

43 GRAPHIC TABLES OB DIAGRAMS, ON 28 PLATES. 

Showing at a glanoe the Mutual Convebsion of Mbasubemsnts 
in DiFVEBBNT Units 

Of LengthB, Areas, Volames, Weights, Stresses, Densities, Quantities^ 
of Work, Horse Powers, TeiSiperatures, Ao, 
For the use of Engineers, Surveyors, Architects, and Contractors. 
Prof. Smith's Gonybrsion-Tables form the most nniqae and oom- 
prehensiye collection ever placed before the profession. By their nse maoh 
time and labour will be saved, and the chjEmces of error in calculation 
diminiiriied. It is believed that henceforth no Engineer's Office will bo- 
oonsidered complete without them. 



Third Edition. Pocket Size, Leather Limp, with GUt Edges and Bounded Comers, 
printed on Special Thin Paper, with Illustrations, pp. i-xii + 834. Price ISs. net. 

(THE NEW "NYSTROM") 
THE MECHANICAL ENGINEER'S REFERENCE BOOK 

A Handbook of Tables, Formrdce and Methods for Engineers, 
Sivdents and DraugMsTnen. 

By HENKY HARRISON SUPLEE, B.Sc, M.E. 

** We feel sure it will be of great service to mechanical ei^^e&K"— Engineering . 
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Sboond Edition. In Liarge Syo. Handsome Oloth. 168. 

CHEMISTRY FOR ENGINEERS. 

BERTRAM BLOUNT, A. G. BLOXAM, 

F.LO., P.O.B., A.LO.E. RLO.. F.0.8. 

GBHBBAL COMTBHTS.— Introduotlon— GhemlBtry of tbe Chief Material! 
at GonstruoUon— SonroM of Energy— GlieiiilstrF of Steam-ralBlng— Ghemia- 
try of LnbrloattoB and Lnbrioanta— Metallnrgleal Proceaset used In the 
Winning and Kannf actnre of Metals. 

"The authors have buooudbd beyond all expectatioiif and have prodnoed a work whleh 
shonld giye frbbh powkb to the EnRineer and M ann ft wtorer."— Timu. 



By the same Authors, Chxmistby for Manufactubsbs,'' see p. 71 • 



THE ELEMENTS OF CHEMICAL ENGINEERING. By 

J. Geossmann, M.A., Ph.D., F.I.C. With a Preface by Sir 
William Ramsay, K.C.B., F.R.S. In Handsome Cloth. With 
nearly 50 Illustrations. 3s. 6d. net. [See page 70. 



In Demy Quarto. With Diagrams and Worked Problems. 
2s. 6d. net. 

PROPORTIONAL SET SQUARES 

APPLIED TO GEOMETRICAL PROBLEMS. 

By.Libut.-Col. THOMAS ENGLISH, Late Royal Engineers. 

WORKS BY WALTER R. BROWNE , M.A., M.lNST.C.E. 

THE STUDENT'S MECHANICS: 

An Introduetion to the Study of FoFoe and Motion. 

WiiSi Diagrams. Crown 8yo. Cloth, 4s. 6d. 

" Clear in stjrie and ptactical in method, 'Tm Sujmuef% Mbchanics' is oordiaHy to ke 
recommended from all points of yiew."~^/AMMwiw. 

FOUNDATIONS OF MECHANICS. 

Papers reprinted from the Engineer, In Crown 8yo, 11. 
Demy 8vo, with Numerous Illustrations, 9s. 

FUEL AND WATER: 

A Manual for Users of Steam and Water. 

By Prop. FRANZ SCHWACKHOfER op Vienna, and 
WALTER R. BROWNE, M.A., C.E. 
Gbnbxal Contents.— Heat and Combustion— Puel, Varieties of— Firing ArrangeoMnts : 
Pumace, Flues^ Chimney— Hie Boiler, Choice of— Varieties— Peed-water Heaters— 
Steam Pipea— Water: Composition, Purification—Prevention of Scale, &c., &c. 
" The Section on Heat is one of the best and most ludd ever written."— ^M^cMtfr. 
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CBIFFIM'8 LOCAL COYEBMMEMT HANDBOOKS. 



WOSKS SUTTABLB FOR MUNICIPAL AND COUNTY ENGINBIERS, 
ANALYSTS, AND OTHERS. 
See also Dayies' Hygiene, p. 99, and MacLeod's Calculations^ p. 110 General Catalogue. 

€fas Manufacture (The Chemistry of). A Handbook on the Pro- 
duction, Purification, and Testing of Illuminating Gas, and the Assay of Bje-Pro- 
ducts, fey W. J. A. BuTTB»FiBiJ),M.A.,F.I.C.,F.C.S. With Illustrations. Fourth 
Edition, Revised. Vol. I., 7s. 6d. net. Vol. IL, in preparation. [See page 77. 

Water Supply : A Practical Treatise on the Selection of Sources and the 
Distribution of Water. By Reginald E. Middleton, M.Inst.C.B., M.Inst.Mech.E., 
F.S.I With Numerous Plates and Diagrams. Crown 8vo. 8s. 6d. net. [See page 77. 

Central Electrical Stations : Their Design, Organisation, and Manage- 
ment. By C. H. WOBDINOHAH, A.K.C., M.LC.B. Sboond EDITION. 248. net. [Seep. 48. 

Electricity Control. By Leonard Andrews, A.M.Inst.C.E., M.I.E.E. 
12s. 6d. net. [See page 48. 

Electricity Meters. By Henry G. Solomon, A.M. Inst. E.E. 16s. 
net. [See page 49. 

Trades' Waste : Its Treatment and Utilisation, with Special Reference 
to the Prevention of Rivers' Pollution. By W. Naylos, F.G.S., A.M.Inst.C.E 
With Numerous Plates, Diagrams, and Illustrations. 2l8. net. [See page 76 

Calcareous Cements : Their Nature, Preparation, and Uses. With 
some Remarks upon Cement Testing. By Gilbert Redgbayb, A880C.Inst.C.B., 
and Chas. Spaokhan, F.C.S. Second Edition. With Illustrations, Analytical 
Data, and Appendices on Costs, Ac. 15s. net. [SeA page 76. 

Boad Making and Maintenance : A Practical Treatise for Engineers, 
Surveyors, and others. With an Historical Sketch of Ancient and Modern Practice. 
By Thomas Atfksn, A880c.M.Inst.C.B., Ac, Second Edition, Revised and En- 
larged. 21s. net. [See page 79. 

Light Railways at Home and Abroad. By William Henry Cole, 

M.Inst.C.E., late Deputy Manager, North-Westem Railway, India. Large 8vo, 
Handsome Cloth, Plates and illustrations. lOs. [See page 80. 

Practical Sanitation : A Handbook for Sanitary Inraectors and others 
interested in Sanitation. By Geo. Rbid. M.D., D.P.H., Medical Officer, Staffordshire 
County Council. With Appendix (re-wntten) on Sanitary Law, by Hevfoert Manley, 
M.A., M.B., D.P.H., Barrister-at-Law. Thirteenth Edition, Thoroughly Revised. 
6s. [See page 78. 

Sanitary Engineering: A Practical Manual of Town Drainage and 
Sewage and Refuse Disposal. By Francis Wood, A.M.Inst.G.B., F.G.S. Second 
Edition, Revised. Fully niustrated. 8b. 6d. net. [See page 78. 

Daify Chemistry: A Practical Handbook for Dairy Managers, Chemists, 
and Analysts. By H. Dboop Richmond, F.I.C.. Chemist to the Aylesbury Dairy 
Company. Second Edition, Revised. With Tables, Illustrations, Ac. Handsome 
Cloth. [See page 78. 

Dairy Analysis : The Laboratory Book of. By H. Droop Richmond, 



Milk: Its Production and Uses. With Chapters on Dairy Farming, 
The Diseases of Cattle, and on the Hygiene and Control of Supplies. By Bdwabd F. 
. WILLOUGHBT, M.D. (Lond.), D.P.H. (Lond. and Camb.), 6s.net. [See page 78. 

Flesh Foods: With Methods for their Chemical, Microscopical, and 
Bacteriological Examination. A Handbook for Medical Men, Inspectors, Analysts, 
and others. By C. Ainsworth Mttohell, B.A., F.LC, Mem. CouncU Soc. of Public 
Analysts. With numerous Illustrations and a coloured Plate. lOs. 6d. [See page 74. 

Foods: Their Composition and Analysis. By A. Wtntbr Blyth, 
MR.C.S., F.C.S., Public Analyst for the County of Devon, and M. W 3ltth, 
B.A., B.SC. With Tables, Folding Plate, and Frontispiece. Fifth Edition, 
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Thoroughly Revised. 21s. 



[See page 72. 
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ELECTRICAL ENGINEERING. 

Second Edition, Revised. In Large $vo. Handsome Cloth, Projusely 
Illustrated with Plates^ Diagrams, and Figures, 24s, net, 

CENTRAL ELECTRICAL STATIONS: 

Their Desigrn, Organisation, and Hanasrement. 

By CHAS. H. WORDINGHAM, A.K.C., M.Inst.C.E., M.Inst.Mech.E., 

Late Memb. of Council Inst.£.E., and Electrical Engineer to the City of Manchester ; 
Electrical Engineer-in-Chief to the Admiralty. 

ABBIDQED CONTENTS. 

Introductory. — Central Station Work as a Profession. — As an Investment. — The Estab- 
lishment of a Central Station — Systems of Supply.— Site.— Architecture.— Plant.— Boilers — 
Systems oi Draught and Waste Heat Economy.— Coal Handling, Weighing, and Storing.- 
The Transmission of Steam. — Generators. — Condensing Aj^j^iances. — Switching Gear^ 
Instruments, and Connections. — Distributing Mains. — Insulation, Resistance, and Cost. — 
Distributing Networks. — Serrice Mains and Feeders. — Testing Mains. — Meters and 
Appliances.— Standardising and Testing Laboratory. — Secondanr Batteries.— Street Light- 
ing. — Cost — General Organisation. — Mains Department. — Installation Department. — 
Standardising Department— Drawing Office.— Qerical Department — The Consumer- 
Routine and Main Laying.— Indkx. 

"One of the most valuable contributions to Central Station literature we have had 
for some time."—£lecirictiy. 



In Laige 8vo. Handsome Cloth. Profusely Illustrated. 12s. 6d. net. 

ELECTRICITY CONTROL. 

A Treatise on EleetPie Switchgeap and Systems of Electric Transmission. 
By LEONARD ANDREWS. 

Associate Member of the Institution of Civil Engineers, Member of the Institution of 
Electrical Engineers, &c 

General Principles of Switchgear Design. —Constructional Details.— Circuit Breakers or 
Arc Interrupting Devices.— Automatically Operated Circuit- Breakers. —Alternating Reverse 
Current Devices. — Arrangement of 'Bus Bars, and Apparatus for Parallel Running. — 
General Arrangement of Controlling Apparatus for High Tension Systems. — General 
Arraneement of Controlling Apparatus for Low Tension Systems.— Examples of Complete 
Installations. — Long Distance Transmission Schemes. 

" Not often does the specialist have presented to him so satisfactory a book as this. . . . 
We recommend it without hesitation to Central Station Engineers, and, in fact, to anyone 
interested in the subject." — Power. 



Large Svo, Cloth, with 3.S4 Pages and 307 Illustrations. 16s. net. 

ELECTRICITY METERS, 

By henry G. SOLOMON, A.M.In8t.E.E. 

Contents. — Introductory. — General Principles of Continuous - Current 
Meters.— Continuous-Current Quantity Meters.— Continuous-Energy Motor 
Meters. — Different Types. — Special Purposes, Battery Meters, Switchboard 
Meters, Tramcar Meters. — General Principles of Single- and Polyphase Induc- 
tion Meters.— Single -phase Induction Meters. — Polyphase Meters. — Tariff 
Systems. — Prepayment Meters. — Tariff and Hour Meters. —Some Mechanical 
Features in Meter Design. — Testing Meters.— Index. 

" An earnest and Baccessfal attempt to deal comprehensively with modern methods of 
measaring current or power in electrical installations."— ^n(jrtneerin(^. 
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In Large Crown 8vo. Handsome Cloth. Fully Illustrated. 

TELEGRAPHIC SYSTEMS, 

AND OTHER NOTES. 

A Handbook of the Principles on which Telegraphic Practice is Baaed. 

By ARTHUR CROTCH, 
Of the Engineer-in-Chief B Department, G.P.O. 

Contents.— Batteries, Primary and Secondary. — Morse Systems: Duplex, Diplex, 
Quad ruplex, Multiplex.— iVpe-Printing Systems: Hughes, Bandot, Murray.— Test and 
Battery Boxes. — Concentrators. — Intercommunication Systems. — Central Battery 
Arrangements. — Bepeaters, Hughes, Fast Speed, Duplex and Single, Forked : Quad- 
raplex, Forked Quadruplex, Split Quadruplex, and Side Belayed. — Submarine Tele- 
graphy.— Wireless Telegraphy.— Testmg: Wheatstone Bridge, Tangent Galvanometer, 
Morning Test, dkc.— Protective Devices, <&c. 



In Large 8vo. Profusely Illustrated. 8s. 6d. net. 

WIRELESS TELEGRAPHY. 

By GUSTAVE EICHHORN, Ph.D. 

Contents. — Oscillations. — Closed and Open Oscillation Systems.— Coupled 
Sjystems. — The Coupling Compensating the Aerial Wire. — The Receiver.— 
Comparative Measurement in the Sender. — Theoretical Results and Calculations 
in respect of Sender and Receiver. — Close- and Loose-Coupled Sender and 
Receiver. — Formulae.— The Ondameter. — Modem Apparatus and Methods of 
Working.— Conclusion. —Bibliography. — Index. 

"Well written . . . and combines with a good deal of description a careful 
investigation of the fundamental theoretical phenomena."- ifature. 



Eighteenth Edition. Leather, Pocket Size, with 764 pages. 8s. 6d. 

A pocket-book of 
ELECTRICAL RULES & TABLES 

FOR THE USE OF ELECTRiCiANS AND ENGINEERS. 

By JOHN MUNRO, C.E., & Prof. JAMIESON, M.Inst.C.E., F.R.S.B. 

*' WoNDBRFULLV pKSFBCT. . . . Worthy of the highest commendatioin we can 
give VLJ'—EUcirician. 



OBIFFIN'S ELEOT&IOAL PRICE-BOOK : For Electrical, CivU, 
Marine, and Borough Engineers, Local Authorities, Architects, Railway 
Contractors, &c. Editedby H.J. Dowsing. Second Edition. 8s. 6d. 



ELECTRIC SMELTING AND REFINING. By Dr. W. Borchebs 
and W. G. McMillan. [See page 67. 

ELECrRO -METALLURGY, A Treatise on. By Walter G. 
McMillan, F.LC, F.C.S. [See page 67. 

ELECTRICAL PRACTICE IN COLLIERIES. By D. Burns, M.E., 
M. Inst. M. E. [See page 56. 
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By PBOFESSOBS J. H. POYNTING k J, J. THOMSON. 
In Five Volamea. Large Syo. Sold Separately. 

A TEXT-BOOK OF PHYSICS. 

BY 

J. H. POYNTING, J. J. THOMSON, 

8C.D., r.E.B., AND f '^1 V'I^Sm 

uate FeUow of Trinitj OoUeffe, Cambridge; Fellow of Trlultj Ck>lleffe, OAmbddge; Prof. 

Profeetor of Phyiiiea, BmnlnghMn of Bxperimental Phyucs In tbe UniTenltf 

Unirenitj. of Oambxidne. 



Introductory Volume. Fourth Edition, Revised. Fully Illustrated. 

lOs. 6d. 

PROPESRrriEss OF ssiLrrrrESR. 

OosTxaTi. — GraTitation. — The Acceleration of Grayity. — Elasticity.— Stresses and 
Strains.— Torsion.— Bendinff of Bods.— Spiral Springs.— Oollision.— Compressibility of 
Liquids.— Pressores and Volomes of Gases.— Thermal Effects Aoeompanying Strain.— 
Capillarity.— Snrf ace Tension.— Laplace's Theory of Capillarity.— Diffusion of Liquids- 
Dilhuion of Gases.— Viscosity of Liquids.— Indbx. 

" Students of physics cannot fail to derive benefit from the hoo^J'—KnovMI^ 

"We regard this book as quite indispensable not merely to teachers but to physicists of every 

ade above the lowest."— University Corretpondent. 



Volume II. Fourth Edition. Fnlly lUastrated. Prioe Ss. 6d 

S O U D. 

OoimTO.— The Nature of Sound and Its chief Characteristics.— The Velocity of Sound 
In Air and other Media.— Reflection and Refraction of Sound.- Frequency and Pitch of 
Notes.— Beeonance and Forced OsdllationB.— Analsrsis of VlhrationB.— The Transverse 
VitorationB of Stretched Strings or Wires.— Pipes and other Air CavltieB.— Bods.— Plates. 
—Memhranes.— Vibrations maintained by Heat.— Sensitive Flames and Jets.— Musical 
Sand.— The Superposition of Waves.— Index. 

*^ The work . . . maybe recommended to anyone desirous of possessing an bast 
UMO-DATs SxASDABD Tbbatisb ou Acoustics.* — 2«<tora<ifre. 

Very clearly written. . . . The names of the authors are a guarantee of the 
e uuMTu r i o aooubaot and uf-to datb ohabaotkb of the work.* — J?<iiwa<ionaI Timet. 



Volume III. Second Edition, Revised. Fnlly Illnstrated. Prioe 16s. 

HEAT. 

Contents. —Temperature. —Expansion of Solids. —Liquids. — Oases. — Circulation 
and Convection.— Quantity of Heat; Specific Heat.— Conductivity.— Forms of Energy; 
Conservation ; Mechanical Equivalent of Heat.— The Kinetic Theory.— Change of State ; 
Liquid Vapour.— Critical Points.— Solids and Liquids.— Atmospheric Conditions.— 
Badiation.— Theory of Exchanges.- Radiation and Temperature.— Thermodynamics.- 
Isothermal and Adiabatic Changes.— Thermodynamics of Changes of State, and Solu- 
tions.— Thermodynamics of Radiation.— Index. 

" Well up-to-date, and extremely clear and exact throughout. ... As clear as 
it wonld be possible to make such a text-book "—Nature. 

Remaining Volumes in Preparation — 
LIGHT; MAGNETISM AND EIiEOTBICITY. 



THE MEAN DENSITY OF THE EARTH : An Essay to which the 
Adams Prize was adjudged in 1898 in the University of Cambridge. By J. H. 
POTNTINO, Sc.D.. F.E.S., Late Fellow of Trinity College, Cambridge; Professor of 
Physics, Birmingham University. In Large 8vo, with Bibliography, Illustrations in 
the Text, and Seven Lithographed Plates. 12s. 6d. 
"Cannot fail to be of great and general interest.*'— uieAemeum. 

LONDON: CHARLES GRIFFIN & CO. LIMITED. EXETER STREET, STRAND. 



Digitized by 



Goog 



Griffln'8 Geologioal, Prospeoting, Mining, and 
Metallurgioai Publications. 



OMlogy, Stratigppaphieal, K. Ethbbidge, F.B.S., . 52 

,9 Praetical Aids, Prof. Grenyille Oolb, 52 

Open Air Studies, . „ 85 

Mining Geology, . Prof. Jambs Park, F.G.S., . 56 

Prospeeting for Minerals, S. Herbert Ooz, A.ILS.M., . 53 

Food Supply, . RoBT. Bruce, ... 53 

Ore and Stone Mining, . Foster and Brough, . 54 

Elements of Mining, Sir 0. Lb Neve Foster, . 54 

Coal Mining, . H. W. Hughes, F.G.S., 55 

Praetical Coal Mining,. G. L. Kerr, M.lnst.M.E., . 55 

Elementary „ „ „ 55 

Elect. Colliery Practice, D. Burns, .... 56 

Mine-Surveying, . Bennett H. Brough, A.R.S.M., 56 

Mine Air, Investigation of, Foster and Haldane, 54 

Mining Law, 0. J. Alford, ... 57 

Blasting and Explosives, O. Guttmann, A.M.I.C.E., . 58 

Testing Explosives, . . Bichel and Larsen, . 58 

Shaft Sinkbig, . . . Biemer and Brough, . 58 

Mine Accounts,. . J. G. Lawn, A.R.S.M., . 57 

Mining Eng. Report Book, E. R. Field, M.Inst.M.M., . 57 

Petroleum, .... Sir Boverton Redwood, . 61 

A Handbook on Petroleum, Thomson and Redwood, 61 

Oil Fuel, .... Sidney H. North, . . 61 

Mineral Oil Testing, . J. Hicks, .... 61 

Metallurgfical Analysis, . Macleod and Walker, 60 

Microscopic Analysis, F. Osmond & J. E. Stbad,F.R.S., 60 

Metallurgy (General), Phillips and Bauerman, 60 

,, (Elementary), Prof. Humboldt Sexton, . 66 

Getting Gold, . . J. C. F. Johnson, F.G.S., . 59 

Cyanide Process, . Prof. James Park, F.G.S., . 59 

Cyaniding, . Julian and Smart, . 59 

Electric Smelting, . Borohers and McMillan, . 67 

Electro-Metallurgy, W. G. McMillan, F.I.C., . 67 

Assaying, • J. J. & C. Beringer, . 66 

Metallurgical Analysis, J. J. Morgan, F.C.S., . 6e 

Metallurgfy (Introduction to). Sir W. Roberts- Austen, K.O.B., 63 

Gold, Metallurgy of, . Dr. Kirke Rose, A.R.S.M., 63 

Lead and Silver, „ H. F. Oollins, A.RS.M., . 64 

Iron, Metallurgy of, . Prof. Thos. Turner, A.R.S.M., 65 

Steel, „ F. W.Harbord, ... 65 

General Foundry Practice, M^William and Longmuir, 68 

Iron-Founding, . Prof. Thomas Turner, . 68 

Precious Stones, Max Bauer, . 68 
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Demy Svo, Handsome eloth, 34s. 

StratigrapMoal Geology & Paleontology , 

OJf THE BASIS OF PHILLIPS. 
By ROBERT ETHERIDGE, F.R.S, 

OP THB NATURAI. HIST. DBPARTMBNT, BRITISH IfUSBUM. LATB PAI.^NTOLOGIST TO THB 
GBOLOGICAI. SURVBY OP GRBAT BRITAIN, PAST PRBSIDBNT OF THB 
GBOLOGICAL SOCIBTY, BTC. 

TPQlltb Aap, Viumetou0 ^TaDleSt an5 ;rbirtiy0ix platee^ 

'* No such compendium of geological knowledge has ever been brought together before."— 
IVitimimUr Review, 

** If Pkof. Sbblby's volume was remarkable for its originality and the breadth of its views, 
Bfr. Ethbxidgb fully justifies the assertion made in his preface that his book diflfers in con* 
struction and detail hem. any known manual . . . Must take high rank among wokxs 
OF rbfbrbncb."— ^MMMnwm. 



AIDS IN 
PRACTICAL GEOLOGY! 

WITH A SECTION ON PALAEONTOLOGY, 

By professor GRENVILLE COLE, M.R.I.A., F.G.S. 

Fifth Edition, Thoroughly Revised. With Frontispiece and 
Illustrations. Cloth. los. 6d. 
aBNBBAL OONTIINT&— 
PART I.— Sampling of the Earth's Crust. 
PART II.— Examination of Minerals. 
PART III.— Examination of Rocks. 
PART IV,— Examination of Fossils. 
"Dbsbrving of thx highest praiss. Here indeed are 'Aids' innumbrablb and 
INVALUABLB. All the directions are given with the utmost clearness and precision.''— 

"That the work deserves its title, that it is full of 'Aids/ and in the highest degree 
PRACTICAL,' will be the verdict of all who use it,*— Nahtre. 



OPEN-JLIR STXJOIES IN OEIOr^OOY: 

An Introduction to Geolosry Out-of-doors. 

By professor GRENVILLE COLE, M.R.I.A., F.G.S. 

For details, see Griffin's Introductory Science Series, p. 85. 



Crorum Svo, Handsome Cloth, 2s, 6d, 
RESEARCHES ON THE PAST AND PRESENT HISTORY 

of 

THE EARTH'S ATMOSPHERE, 

Inoiuding the iateat Diacoueries and their Practical Applications. 

By dr. THOMAS LAMB PHIPSON. 

Part I. — The Earth's Atmosphere in Remote Geological Periods. 
Part II. — The Atmosphere of our present period. Appendices ; Index. 

"The book should prove of interest to general readers, as well as to meteorologists and 
other students of science." — Nature. 
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GRIFFIN^S "NEW LAST)'' SERIES, 

Practical Hand-Books for the Use of Prospectors^ Explorers^ 
Settlers^ Colonists, and all Interested in the opening 
tip and Development of New Lands, 

Edited by GRENVILLE A. J. COLE, M.R.I.A., F.G.S., 
Professor of Geology in the Soyal College of Science for Ireland, and Examiner in 
the University of London. 



In Grown 8vo. Handsome Cloth, 58. 
With Numerous Maps Specially Drawn and Executed for this Work. 

NEW LANDS! 

THEIB BESOUBCES AND FBOSFECTIVE 
ADVANTAGES. 

By HUGH ROBERT MILL, D.Sc, LL.D., F.R.S.E., 

''A want admirably supplied. . . . Has the advantage of being written by a pro- 
fessed Geographer. ">-6'eo0rrapAtea^ Journal. 



With many Engravings and Photographs. Handsome Cloth, 4s. 6d. 

FOOD STJPI^IjY. 

Bt ROBERT BRFOE, 

Agricultural Superintendent to the Boyal Dublin Society. 

With Appendix on Preserved Foods by C. A. Mitchell, B.A., F.LO. 

" The work is one which will appeal to those intending to become farmers at home 
or in the Colonies, and who desire to obtain a general idea of the true principles of 
farming in all its branches."— Journal of the Royal Colonial Inst. 



FouBTH Edition, Revised. With Illustrations. Handsome Cloth, 6s. 

PROSPECTING FOR MINERALS. 

A Practical Handbook for Prospectors, Explorers, Settlers, and all 
Interested in the Opening up and Development of New Lands. 

By S. HERBERT COX, AssocR.S.M., M.Inst.M.M., F.G.S., 
Professor of Mining at the Boyal School of Mines. 

General Contents. —Introduction and Hints on Geology—The Determina- 
tion of Minerals : Use of the Blow-pipe, &c. — Rock-forming Minerals and Non- 
Metallic Minerals of Commercial Value : Rock Salt, Borax, Marbles, Litho- 
graphic Stone, Quartz and Opal, &c., &c. — Precious Stones and Gems — Stratified 
Deposits: Coal and Ores— Mineral Veins and Lodes — Irregular Deposits — 
Di^namics of Lodes : Faults, &c. — Alluvial Deposits — Noble Metals : Gold, 
Platinum, Silver, &c.— Lead — Mercury— Copper — Tin— Zinc— Iron — Nickel, 
&c. — Sulmiur, Antimony, Arsenic, &c. — Combustible Minerals— Petroleum- 
General Hints on Prospecting — Glossary — Index. 

" This ADMIBABLB UTTLB WORK . . . written with SGIENTUlO AOOURAOT In a 

CLEAR and LUOID style. ... An important addition to technical literature . . . 
—Mining Journal. 
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OHARLES GRIFFIN A CO.'S PUBLIOATIONS. 



WOI^ICS BIT 

SIR CLEMENT LE NEVE FOSTER, D.Se., F.R.S. 

Sixth Edition. With Frontispiece and 716 Illustrations. Price 348. 

ORE & STONE MINING. 

By Sir C. LE NEVE FOSTER, D.Sc, F.R.S., 

LATE PROFBSSOR OP MINING, ROYAL COLLBGB OP SCIENCE. 

Revised, and brought up-to-date 
By BENNETT H. BROUGH, F.G.S., Assoc.R.S.M. 

GENERAL CONTENTS. 

INTRODUCTION. Mode of Oeeurrenee of Minerals.— PFOspeetine.— Boring. 
— Bre&ldnflr Ground.— Supporting Exeavatlons.— Exploitation.— Haulaffe of 
Transport.- Hoistinff or winding. — Drainaflre. — Ventilation. — Liffhtinflr.— 
Descent and Ascent.— Dressing— Principles ofEmplojrment of Mining Labour* 
— Leflrislation affecting Mines and Quarries. — Condition of the Miner.— 
Accidents.- Index. 

" We have seldom had the pleasure to review a work so thorough and complete as 
the present one. Both in manner and in matter it is far superior to ANYTHlNa on 

rrS SPBCIAL SUBJECT HITHERTO PUBLISHED IN ENOLAND."— AtAeiMBUm. 

" Not only is this work the acknowledged text-book on metal mining in Great Britain 
and the Colonies, but that it is so regarded in the United States of America is evidenced 
by the fact that it is the book on that subject recommended to the students in most of 
the mining schools of that country."— TAe Timet. 



In Crown 8vo. Handsome Cloth. With nearly 300 Illustrations, many of 
them being full page reproductions of views of great interest. Price 7s. 6d. net. 

THE ELEMEHTS OF MINIMG AND QUARRYING. 

An Introductory Text-Book for Mining Students, 
By Sir C. LE NEVE FOSTER, D.Sc, F.RS., 

Late Professor of Mining at the Royal College of Science. 
Gbnkbal Contknts. — Introduction. — Occurrence of Minerals. — Pro- 
spectiiwr.— Boring. — Breaking Ground.— Supporting Excavations.— Exploita- 
tion. — Haulage or Transport. — Hoisting or Winding.— Drainage. — ^Ventilation. 
— Lighting. — Descent and Ascent. — Dressing, &c. — Index. 

A remarkably clear survey of the whole field of mining operations."— £7i^ine«r. 
Rarely does it fall to the lot of a reviewer to have to accord such unqualified praise as 
tfds book deserves. . . . The profession generally have every reason to be grateful to 
Sir C. Le Neve Foster for having enriched educational literature with so admirable an 
elementary Text-book."— ilfimriflr JoumcU. 



In Large Crown 8vo. Fully Illustrated. 6s. net. 

THE INVESTIGATION OF MINE AIR: 

An Account by Several Authors of the Nature, Significance, and Practical 
Methods of Measurement of the Impurities met with in the 
Air of Collieries and Metalliferous Mines. 

EDITED BY 

Sir CLEMENT LE NEVE FOSTER, D.Sc, F.R.S., 
And J. S. HALDANE, M.D., F.R.S. 

" We know of nothing essential that has been omitted. The book is liberally supplied 
with illustrations of apparatus." — Colliery Guardian. 
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WORKS ON COAL"IWINING. 

Fifth Edition, Revised and Greatly Enlarged. With 4 Plates and 
690 Illustrations. Price 24s. net. 

A TEXT-BOOK OF COAL-MINING: 

FOR THE USE OF COLLIERY MANAGERS AND OTHERS 
ENGAGED IN COAL-MINING. 

By HERBERT WILLIAM HUGHES, F.G.S., 

Assoc. Royal School of Mines, General Manager of Sandwell Park OolUery. 

General Contents.— Geology.— Search for Coal.- Breaking Ground.— 
Sinking. — Preliminary Operations. — Methods of Working. — Haulage. — 
Winding.— Pumping.— Ventilation.— Lighting.— Works at Surface. —Pre- 
I)aration of Coal for Market.— Index. 

" Quite THiBBST BOOK of its kind . . . as pbactical in aim as a book can be . . . The 
Ulostratlons are bxcbllbnt."— -^tAetMettm. 
"We cordially recommend the work."— Colliery Chuvtdian. 

*' Will soon come to be regarded as the stand abd wobk of its kind."-jBinnin{7Aa}M DaUy QanetU. 



Fourth Edition, Thoroughly Revised and Greatly Enlarged. Re-set 
throughout. Large Crown 8yo. Handsome Cloth. 12s. 6d 

PRACTICAL COAL-MININGs 

L MANUAL FOR MANAGEBS, 0NDEB-MANAaERS, 
OOLLIEBY ENGINEERS, ANP OTHERS. 

With Worhed'OUt ProhUms on Haulage, Pumping, VentUatim, Ac, 

By GEORGE L. KERR, M.E., M.Inst.M.E. 

CoNTOTTS.- The Sources and Nature of Coal.— The Search for CoaL— 
Sinking. — Explosives- — Mechanical Wedges. — Rock Drills and Coal-cuttins^ 
Machines. — Coal-cutting by Machinerv.— Transmission of Power. — ^Modes oi 
Working. — Timbering Koadways. — Winding Coal. — Haulage. — Pumping. — 
Ventilation. — Safety Lamps.— Surface Arrangements, Surveying, Levelling, 
&c. 

"An BSSBNTIALLT PBACTICAL WOBK, and Can be confidently recommended. No department 
of Cioal-Mining has been overlooked."— £;n(/in«er«' Oazettt. 



In Crown 8vo. Handsome Cloth. With 200 Illustrations. Ss. 6d. 

ELEMENTARY COAL-MININO: 

FOR THE USE OF STUDENTS, MINiSRS, AND OTHERS 
PREPARINa FOR EXAMINATIONS. 

By GEORGE L. KERR, M.E., M.Inst.M.E. 

Contents. — Sources and Nature of Coal. — Exploration and Boring for 
Coal.- Breaking Ground.— Explosives, Blasting, &c.— Sinking and Fittine 
of Shafts. — Modes of Working. — Timbering Roadways. — Winding ana 
Drawing.— Haulage.— Pumping and Drainage. — ^Ventilation. — Cleaning and 
Sorting Coal. — Survejring, &c 

*'An abundance of information conveyed in a popular and attractive form. . . . Will be 
of great use to all who are in any way interested in coal mining."— Scottish Cfritie. 
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Thirteenth Edition, Revised. With Numerous Diagrams. 
Cloth, 7s. 6d. 

A TREATISE ON MINE-SURVEYING: 

For the use of Managen of Mines and CoUierleat Students 
at the Royal School of Minea, do. 

By BENNETT H. BROUGH, ASSOC.R.S.M., F.G.S., 

Formexly Instructor of Mine-Surveying, Royal School of Mines. 

Contents. — General Explanations. — Measurement of Distances. — Miners 
Dial.— Variation of the Magnetic Needle. — Surveying with the Magnetic Needle 
in the Presence of Iron. — Surveying with the Fixed Needle.— The German Dial. — 
The Theodolite. — Traversing Underground.— Surface Surveys with the Theodo- 
lite.— Plotting the Survey. — Calculation of Areas. — ^Levelling. — Connection of the 
Underground and Surface Surveys. — Measuring Distances by Telescope. — Settin^- 
•out, — Mine-Surveying Problems. — Mine Plans. — ^Application of the Magnetic 
Needle in Mining. —Photographic Surve)rs. — ^Appendices. — Index. 

" Its CLEARNESS of STYLE, LUCIDITY of DESCRIPTION, and FULNESS of DETAIL have looff ago WOn 
for it a place unique in the literature of this branch of minine ensrineering, and the present emtion foBj 
maintains Aehigfh standard of its predecessors. To the student, and to the miniusr engineer alike, ITS 
VALUE is inestimable. The illustrations are excellent."— TMe Mining youmal. 



Sbcond Edition, Revised. Crown 8 vo. Handsome Cloth. Illustrated. 6e. 

MINING GEOLOGY. 

A TEXT-BOOK FOR MININQ STUDENTS AND MINBRS. 

By prof. JAMES PARK, F.G.S., M.Inst.M.M., 

Professor of Mining and Director of the Otago University School of Mines ; late Director 
Thames School of Mines, and Geological Surveyor and Mining (Geologist to the 
Government or New Zealand 

Genbral Contents.— Introduction.— Classification of Mineral Deposits.— Ore Veins, 
their Filling, Age, and Structure.— The Dynamics uf Lodes and Beds. —Ore Deposits 
^Genetically Considered— Ores and Minerals Considered Economically.— Mine Sampling 
4uid Ore Valuation.- The Examination and Valuation of Mines.— Index. 

"A work which should find a place in the library of every mining engineer."— 
Mining World. 



Sbcond Edition. In Crown 8t?o. Handsome Cloth. With 30 New 
Illustrations, Is, net, 

ELECTRICAL PRACTICE IN COLLIERIES. 

By D. burns, M.E., M.Inst.M.E., 

Certificated Colliery Manager, and Lecturer on Mining and Geology to the Glasgow and West of 
Scotland Technical College. 

Unita of Measurement, Conductors, &c. — The Theory of the Dynamo. — The 
Dynamo, Details of Construction and Working. — Motors. — Lighting Installa- 
tions in Collieries. — Pumping by Electricity. — Electrical Haulage. — Coal 
Cutting. — Miscellaneous AppHcations of Electricity in Mines. — Coal Mines 
Regulation Act (Electricity). — Index. 

"A clear and concise introduction to electrical practice in collieries."— ilfin»n|^ 
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WORKS FOR MINERS AND STUDENTS. 



In Crown 8vo, Handsome Cloth. 8s. 6d. net. 

MIHIHG LAW OF THE BRITISH EMPIRE. 

By CHARLES J. ALFORD, F.G.S., M.Inst.M.M. 

Contents.— The PriDciples of Mining Law.— The Mining Law of Great 
Britain. — British India. — Ceylon.— Burma. — ^The Malay Peninsula. — British 
North Borneo.— Egypt. —Cyprus. —The Dominion of Canada. — British 
Guiana.— The Gold Coast Colony and Ashanti.— Cape of Good Hope. — 
Natal. — Orange River Colony. — Transvaal Colony. —.Rhodesia. — The 
Commonwealth of Australia. — New Zealand, &c. — Index. 

" Should be specially useful to all those engaged in the direction of mining enter 
Tptta%%/*— Financial Times. 

" Cannot fail to be useful ... we cordially recommend the book."— iftntn^ World 



In Large Svo. Fourth Edition. Price 10«. 6d. 

Mine Accounts and Mining Boole-Keeping. 

For Students, Managers, Seeretaries, and others. 
With Examples taken from Actual Practice of Leading Companies, 

By JAMBS GUNSON LAWN, A.R.S.M., A. M.Inst. C.B., F.G.S., 
Head of the Mining Deimrtment, Camborne School of Mines. 
Edited by Sib C. LE NEVE FOSTER, D.So., F.R.S. 

Contents. —Introduction. —Paet I. Engagement and Payment of Work- 
men. — Engagement of Workmen and Period between Pay Bays. — Data 
determining Gross Amount due to Men. — Deductions. —Pay Sheets, Due BiUs. 
—Pay Tickets. Part II. Purchases and Salbs.— Purchase and Distribution 
of Stores. —Sales of Product. Part III. Working Summaries and Analyses. 
— Summaries of Minerals Raised, Dressed, and Sold, and of Labour. — Analyses 
of Costs. — Accounts forwarded to Head Office. Part IV. Ledger, Balance- 
Shbbt, and Company Books.— Head Office Books.— Redeniption of Capital 
— General Considerations and Companies Books. Part V. Reports and 
Statistics.— Reports of Workings and Machinery of Mining Companies.— 
Mining Statistics.— Bibliooraphy.—Index. 

"It seems depossiblb to soggest how Mr. Lawn's book oould be made more oomflktb or 
more yaxuablx, careftil, and ezhaastiye."— ^eeattnton<«' Magatine, 



Second Edition. In Pocket Size, Strongly Bound in Leather, 38. 6d. 
Provided with Detachable Blank Pages for MS. 

THE MINING ENGINEERS' REPORT BOOK 

AND DIRECTORS' AND SHAREHOLDERS' GUIDE TO MINING REPORTS. 

By EDWIN R. FIELD, M.Inst.M.M. 

Witii Notes on tfie Valuation of Property^ and Tabulating Reports, 

Useful Tables, and Examples of Calculations, dc. 
"An ADMIBABLY compiled book which Mining Engineers and Managers will find 
■ziRBMELY Tjssrmi."— Mining Jownal. 
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In Medium 8vo, Handsome Cloth. With 18 Figures in the Text^ 
and 19 Folding Plates. 10s. 6d. net. 

SHAFT-SINKING 

IN i>iF:Ficxj]:^rr cases. 

By J. RIEMER, 

Translated itbom the Gbbman 

J. W. BROUGH, A.M.INST.C.E. 

Contents.— Shaft Sinking by Hand. —Shaft Sinking by Boring.— The 
Freezing Method. — ^The Sinfing Drum Process.— BiBLiO€fRAPHY.— Index. 

"The translater deserves the thanks of the mining commanity for placing this 
valuable work before them. . . . The work is one which every mining engineer 
should include in his library."— ilfmin^ World. 



Second Edition, Revised. In Large Svo, with Numerous Illustrations 
and Folding Plates. 10s. 6d. 

BLASTING! 

AND THE USE OF EXPLOSIVES. 

By OSOAR GUTTMANN, M.Inst.O.E., F.I.C, F.C.S. 

Contents. — Historical Sketch. — Blasting Materials. — Qualities and 
Handling of Explosives. — The Choice of Blasting Materials. — Preparation 
of Blasts. — Chamber Mines. — Charging of Boreholes. — Determination of 
Charge. — ^Blasting in Boreholes.— Firing.— Results of Working. — Various 
Blasting Operations.— Index. 

" Should prove a vade-mecum to Mining Engineers and all engaged in practical work.** 
—IrPH and Coal Trades Review. 

In Medium Svo, Cloth. With many Illustrations in the Text. 
Four Full Page Plates and Four Folding Tables. 6s. net. 

NEW METHODS OP 

TESTING EXPLOSIVES. 

By 0. E. BICHEL. 

Translated from the German and Edited 

By axel LARSEN, M.Inst.O.E. 

Contents. — Introductory. — Historical. — Testing Stations. — Power 
Gauges. — Products of Combustion. — Rate of Detonation. — Length and 
Duration of Flame.— After-Flame Ratio.— Transmission of Explosion.— 
Conclusions. — Efficiency. 

"Its pages bristle with suggestions and actual experimental results to an extent 
seldom found in a volume of five times its size."— J.rm« cmd Ea^plosives. 
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Sbcond Edition, Revised Throughout. In Medium Svo, With 
Numerous Plates, Maps, and Illustrations. 2ls. net, 

CYANIDING GOLD & SILVER ORES. 

A Practical Treatise on the Cyanide Process ; its Application, 
Methods of Working, Design and Construction of 
Plant, and Costs. 
By H. FORBES JULIAN, 

Mining and Metallorgical Engineer ; Specialist in Gold : Late Teclinical Adviser of tlie 
Deat86he Ctold and Bilber dcheide Anstolt, Frankfort-on-Maine. 

And EDGAR SMART, A.M.LaE., 

Civil and Metallurgical Engineer. 

"A handsome volume of 400 pages which will be a valuable book of reference for all 
associated with the T^roceBs."— Mining Journal. 

"The authors are to be congratulated upon the production of what should prove to be 
a standard work."— Pa^e'« Magaeine. 



In Large Grown 8vo. With 13 Plates and many Illustrations in the Text. 
Handsome Cloth. Is. Qd. net. 

THE CYANIDE PROCESS OF GOLD EXTRACTION. 

A Text-Book for the Use of Metallurgiete and Students at 
Schools of Mines, do. 

By JAMES PARK, P.G.S., M.Inst.M.M., 

PiofeflBor of Mininff and Director of the Otago University School of Mines ; late Direotor 
Thames School of Mines, and Geological Surveyor and Mining Geologist 
to the Government of New Zealand. 

PotTA^H English EDinoif. Thoroughly Revised and Greatly Enlarged. 
With additional details concerning the Siemens-Halske and other 
recent processes. 

" Deserves to be ranked as amongst the best ovWBTim'rRKA'riBsa."— Mining JournaL 



Thibd Edition, Revised. With Plates afid lUustratibns. Cloth, Ss. Otf. 

GETTING GOLD! 

A OOIiD-MININO HANDBOOK FOR PRACTICAIi MEN. 

By J. 0. F. JOHNSON, F.G.S., A.I.M.E., 

Life Member Australasian Mhie-Managers' Association. 
Gbmebal Contints.— Introductory : Prospecting (Alluvial and General)— 
Lode or Reef Pros^ctin^ — GrenesioU^ of Gold— Auriferous Lodes — Drifts— 
€k>ld Extraction — Lixiviation— Calcination — Motor Power and its Transmission 
— Company Formation — Mining Appliances and Methods — Australasian 
MiTiiwg Regulations. 

" FRAonOAL from be^ning to end . . . deals thoroughly with the Prospecting, 
Sinking, Crushing, and Extraction of fgold."— Brit. Australasian. 



In Crown Svo. Illustrated. Fancy Cloth Boards, ^s. d(i. 

GOLD SEEKING IN SOUTH AFRICA: 

A Handbook of Hints for intending Explopers, FrospeetOFS. 
and Settlers. 
By THEO KASSNER, 

Mine Manager, Author of the Oeological Sketch Map of the De Kaap Gold Fields. 

With a Chapter on the Agricultural Prospects of South Afn'ocu 
"As fascinating as anything ever penned by Jules Verne."— 4/Hcan Ommeree. 
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Large 8vo. Handsome Cloth. With lUustrations. 
128. 6d. net. 

METALLURGICAL ANALYSIS & ASSAYING : 

A THRBB YBARS' COURSB 
FOR STUDENTS OF SCHOOLS OF MINES. 

By W. a. MACLEOD, B.A., B.Sa, A.O.S.M. (N.Z.), 

Formerly AflHlBt-DireGtor, Thames School of Mines (N.Z.). and Lecturer in Ohemistry, UniTersity 
•f Tasmania ; Director of Queensland Goremment School of Mines, Charters Towers : ); 

And CHAS. WALKER, F.C.S., 
F<ninerly A8Bist.-DemonBtratoT in Chemistry, Sydney University ; Lecturer in Ohemistry 
and Metallargy, Charters Towers School of Mines 

Pabt I.— Qualitative Analysis and Preparation and Properties of Gases. 
Pabt n. — Qualitative and Quantitative Analysis. Part III. — Assaying, 
Technical Analysis (Gas, Water, Fuels, Oils, &c.). 

"The publication of this volume tends to prove that the teaching of metallurgical 
analysis and assaying In Australia rests in competent hands."— i^oture. 



Id. Crown 8vo, Beautifully Illustrated with nearly 100 
Microphotographs of Steel, &c. 7s. 6d. net. 

MIGROSGOPIG ANALYSIS OF METALS. 

By FLORIS OSMOND & J. E. STEAD, F.R.S., F.LC. 

Contents. — Metallography considered as a method of Assay. — Micro- 
graphic Analysis of Carhon Steels. — Preparation of Specimens. — Polishing. 
—Constituents of Steel; Ferrite; Cementite; Pearlite: Sorbite; Martensite: 
Hardenite ; Troostite ; Austenite. — Identification of Constituents.— Detailed 
Examination of Carbon Steels.— Conclusions, Theoretical and Practical — 
Apparatus employed. — Appendix. 

** There has been no work previously published in English calculated to be so useful to 
the student in metallographic research."— /ron and Steel Traded Journal. 



Third Edition. With Folding Plates and Many IllustrationB. 368. 

A PRACTICAL TREATISE ON THE ART OF EXTRACTIN8 METALS 
FROM THEIR ORES. 
By J. ARTHUR PHILLIPS, M.Inst.O.E., P.C.S., P.G.S., ko. 
And H. BAUERMAN, V.P.G.S. 

GiNEBAL Contents. — Refractory Materials.— Fire-Clays. — Fuels, &c— 
Alummmm. — Copper. — Tm. — AnUmony. — Arsenic. — Zmc — Mercury. — 
Bismuth. —Lead.— Iron.— Cobalt— Nickel —Silver,— Gold.— Platinum. 

" Of the Thibd Edition, we are still able to say that, as a Text-bode of 
Metallurgy, it is the best with which we are acquainted.*' — Engineer, 

" A work which is equally valuable to the Student as a Text-book, and to the 
practical Smelter as a Standard Work of Keference. . . . The lUusfaratioiui 
are admirable examples of Wood Engraving." — Chemical Newt. 
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8eoonb Edition, Revised, Enlarged, and Re-set Throughout on Larger Page^ 
With Valuable Bibliography, New Maps, Illustrations, <bc, 45«. net, 
XMT VWO VO U BS ES B* 
A TREA TISE ON 

by sir bovbrton redwood, 

D.Sc, P.B.S.B., A88oalN8T.O.E., F.LC. 

CoNTBNTS.— Section I.: Historical Account of the Petroleum Industry.— Section II. r 
Oeoloffical and Geographical Distribution of Petroleum and Natural G^.— Section III.: 
The (^emical and Physical Properties of Petroleum and Natural Gas.-— Section IV. : 
The Origin of Petroleum and NaturalGas.— Section Y.: The Production of Petroleum, 
Natural Gas. and Ozokerite.— Section VI.: The Beflning of Petroleum.— Section VII.: 
The Shale Oil and Allied Industries.— Section VIII.: The Transport, Storage, and Dis- 
tribution of Petroleum.— Section IX. : The Testing of Crude Petroleum, Petroleum and 
Shale Oil Products, Ozokerite, and Asphalt.— Section X. : The Uses of Petroleum and 
its Products.— SEcmoN XI. : Statutory, Municipal, and other Eegulations relating to- 
the Testing, Storage, Transport, and Use of Petroleum and its Products.— Appendices. 
—BiBLioGRAPHT.— Index. 

*'It is indisputably the most comprehensive and complete treatise on petroleum, and thia 
statement is true, no matter on what branch of the induAry a test of its merits is made. It is 
the only book in existence which sires the oil man a clear and reliable outline of the growth and 
present-day condition of the entue petroleom world. . . . There is a wonderfully complete 
collection ef plates and illustrations.*^— P0<roZ«um World. 



Sscoin) Edition, Revised. With Illustrations, Price Ss, Qd, net. 

A HANDBOOK ON PETROLEUM. 

FOR INSPECTORS UNDER THE PETROLEUM ACTS, 

And for those ensraged in the Storase, Transport, Distribution, and Industrial 
Use of Petroleum and its Products, and of Calcium Carbide. With 
sussrestions on the Construction and Use of Mineral Oil Lamps. 

By captain J. H. THOMSON, 

H.M. Chief Inspector of Explosives, 

And sir BOVERTON REDWOOD, 
Author of " A Treatise on Petroleum." 
*' A volume that will enrich the world's petroleum literature, and render a service to the 
British branch of the hidustry. . . . Eeliable. indispensable, a brilliant contribution."— 
Petroleum, 



In Crown 8vo. Fully Illustrated. 28. 6d. net. 

THE LABORATORY BOOK OF MINERAL OIL TESTING. 

By J. A. HICKS, 
Chemist to Sir Boverton Redwood. 
Should be on the shelves of every analytical chemist in practice."— C^Jiw'cal Trade Journal. 



In Liarge Crown 8vo, Cloth. Fully Illustrated 6s. net. 

O I ILi F XJ E ILi : 

ITS SX7PPLY, OOMPOSmON, AND APPLIOATION. 

By SIDNEY H. NORTH, 

LATE BDITOB OF THE "PBTROLEUU BEYIEW." 

Contents.— The Sources of Supply.— Economic Aspect of Liquid Fuel.— Chemical 
Composition of Fuel Oils.— Conditions of Combustion in Oil Fuel Furnaces.— Early 
Methods and Experiments.— Modem Burners and Methods.— Oil Fuel for Marine Pur> 
poses.— For Naval Purposes.— On Locomotiyes.— For Metallurgical and other Purposes. 
—Appendices.— Index. 

" Everyone interested in this important question will welcome Mr. North's excellent 
text-book.*'— .arafur*. 



THB PETROL.BUM LAMP: Its Cholee and Use. A Guide 
to the Safe Employment of the Paraffin Lamp. By Capt. J. H. 
Thomson and Sir Boverton Redwood. Illustrated. Is. net. 

"A work which will meet every purpose for which it has been written."— Petroleum. 
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OHARLBS ORIFFIN * OO.'S PUBLI0ATI0N8. 



STANDARD WORKS OF REFERENCE 

FOR 

Metallupgists, Mine-Owners, Assayers, ManufaetuFeFS, 
and all interested in the development of 
the Metallurgieal Industries. 

EDITED BT 

Sir W. ROBERTS-AUSTEN, K.C.B., D.C.L., F.R.S. 

In Large %vo, Hands&m* Clotk. With lUiutraiioH*, 



INTBODUCTION to the STUDY of METAIiIiXTBGY. 

By the Editor. Sixth Edition. (See p. 63.) 

GOLD (The MetaUnrgy of). By Thos. Kirke Ross, 

D.Sc, Assoc. R.S.M., F.C.S., Chemist and Assayer of the Royal 
Mint. Fifth Edition. 21s. (Seep. 63.) 

lAA.D AND SHiVEB (The MetaUnrgy of). By H. F. 

Collins, Assoc R.S.M., M.InstM.M. Part I., Lead, i6s; Part 
II., Silver, i6s. (See p. 64.) 

IB ON (The MetaUnrgy of). By T. Turner, A.R.S.M., 
F.I.C., F.C.S. Third Edition, Revised. 16s. net. (See p. 65.) 

43 T EEL (The MetaUnrgy of). By F. W. Harbord, 
Assoc. R.S.M., F.I.C., with a Section on Mechanical Treatment by 
J. W. Hall, A.M.Inst.C.E. Third Edition. 25s. net. (See 
p. 65.) 

Wm be PubUsked at Short InUrvalt, 

METAIiLUBGICAL MACHINEBY : the Application of 
Engineering to Metallurgical Problems. By Henry CharlesJenkins, 
Wh.Sc., Assoc. R.S.M., Assoc. M. Inst. C.E., of the Royal College of 
Science. (See p. 64). 

<30PPER (The MetaUnrgy of). By Thos. C. Cloud, Assoc. 
R.S.M. 

AIiLOYS. By Edward T. Law, AssocR.S.M. 

Other Volumes in Preparation, 
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GBII'I'IN'S METAItLUBGICAL SEBIES. 



Sixth Edition, thoroughly Revised and considerably Enlarged. Large 
8vo, with numerous Illustrations and Micro-Photographic 
Plates of different varieties of Steel. 

An Introduetion to the Study of 

BY 

Sir W. ROBERTS-AUSTEN, K.C.B., D.C.L., F.R.S., A.R.S.M., 

Late Chemist and Assayer of tlie Royal Mint, and Professor of Metallucgy 
in the Royal College of Science. 

Gbnbral Contents.— The Relation of Metallurgy to Chemistry. — Physical Properties 
of Metals.— Alloys. The Thermal Treatment of Meta^.— Fuel and Thermal MeasuremenU. 
— Materials and Products of Metallun;ical Processes.— Furnaces. — Means of Supplying Air 
€0 Furnaces.— Thermo- Chemistry.— Typical Metallurgical Processes.— The Micro-Structure 
of Metals and Alloys. — Economic Considerations. 

" No English text-book at all approaches this in the completeness with 
which the most modem views on the subject are dealt with. Professor Austen's 
volume will be invaluable, not only to the student, but also to those whose 
knowledge of the art is far advanced." — Chemical News, 



FiPTH Edition, Revised, Considerably Enlarged, and in part Re-written. 
With Frontispiece and numerous Illustrations. 21s. 

THE METALLURGY OF GOLD. 



BT 

T. KIRKE ROSE, D.ScLond., Assoc.R.S.M. 

Chemist and Aaaayer qf the Royal Mint. 

Gehbral Contents.— The Properties of Gold and its Alloys.— Chemistry of the 
Compounds of Oold.— Mode of Occurrence and Distribution of Gold.— Shallow Placer 
Deposits.- Deep Placer Deposits.— Quartz Crushinff in the Stamp Battery.— Amalgam- 
ation in the Stamp Battery.— Other Forms of Cmsning and Amugamating Machinery. 
—Concentration in Gold Mills.- Dry Crashing.— Ke-erinding.—Koasting.—Ghlorination: 
The Plattner Process, The Barrel Process, The vat-Solution Process.— The Cyanide 
Process.— Chemistry of the Cyanide Process.— Refining and Parting of Gold Bullion. 
—Assay of Gold Ores.- Assay of Gold Bullion.— Statistics of Gold Production.- Biblio- 
Taphy.— Index. 

" AooHFBXHSHBivB PBACnoAL TBSATisB ou this important subject"— Timet. 

"The xoer ookflxtb deacriptton of the cHLORnfAiiOH prooksb whieh has yet been pub- 
lUbibd.'^^Mining Journal. 

Adapted for all who are interested In the Gold Mining Indnatry, being free from tech- 
nicalities as far as possible, but is more particularly of value to those engaged in the 
lndiistry.**~(7ave Timet. 
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GBIFFIN'S MSTAIiIiXTBGICAL SERIES. 

Bditbd by sir W. ROBERTS-AUSTEN, K.O.B., F.R.S., D.O.L. 
In Large 8vo, Handsome Cloth. With lUustrations. 



In Two Volumes, Each Complete in Itself and Sold Separately. ■ 

THE METALLUReV OF LEAD AND SILVER. 

By H. F. COLLINS, A8800.E.S.M., M.In8T,M.M. 

Pa,x*t I.— ]JEJLI>: 

A Gomjjlete and Exhaustive Treatise on the ManufSftcture of Lead, 
with Sections on Smelting and Desilverisation, and Chapters on the 
Assay and Analysis of the Materials involved. Price i6s. 

SUMMABT ov GoNTEiirTS.— Sampling and ABsaying Lead and Silver.— FropertleB and 
Gomponnds of Lead.— Lead Ores.— Lead Smelting.— Severberatories.— Lead Smelting in 
Heartha.- The Soasting of Lead Ores.— Blast jrumaoe Smelting ; Principles, Practice, 
and Examples; Products.— Flue Dost, its Composition Collection and Treatment.— 
Costs and Losses, purchase of Ores.— Treatment of Zinc, Lead Sulphides, Desilyerisation, 
Softening and Beflning.— The Pattinson Process.— The Parkes Process.- Cupellation and 
Seflning, 4ec., Ac, 

THOBOvaHLY SOUND and useful digest. May with bvery oonudbnob be 
recommended."- Jftmn^ Joumai. 



Pa,x»t II.— SI 14 VCR. 

Comprising Details regarding the Sources and Treatment of Silver 
Ores, together with Descriptions of Plant, Machinery, and Processes of 
Manufacture, Refining of Bullion, Cost of Working, &c. Price 16s. 

SttiocAby ov Contents.- Properties of Silver and its Principal Compounds.— Silver 
Ores.— The Patio Process.— The Kazo, Fondon, Krohnke, and Tina Processes.— The Pan 
Process.— Boast Amalgamation.— Treatment of Tailings and Concentration.— Betorting, 
Melting, and Assagring — Chloridising-Boasting.— The Augnstin, Claudet, and Ziervogel 
Processes.— The Hypo-Sulphite Leaching Process.— Beflining.— Matte Smelting.— PyriUc 
Smelting.— Matte Smelting in Beverberatories.— Silver-Copper Smelting and Beflning.— 

INDBX. 

" The author has focussed A labgb amount of valuable infobmation into a 
convenient form. . . . The author has evidently considerable practical experience, 
and describes the various processes clearly and well. '—Mining Journal. 



METMURGIGAL^MGHINERY: 

The Applloatlon of Engineering to Metallui^oal Probleme. 

By henry CHARLES JENKINS, 

Wh.Sc., ASS0C.S.8M., As3oe.M.Inst.G.E. 
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GBIFFIN'S METAIJiTJBGICAL SERIES. 



Third Editioit, Revised. With Numerous Illustrations. Large Svo. 
Handsome Cloth. 258. net. 

With Additional Chapter on The Electric Smelting of Steel. 

THE METALLURGY OF STEEL. 

By F. W. HARBORD, Assoc.RS.M., F.LC., 

Oimaylting MetcUlurgist and Analytical Chemist to the Indian Qovemmentf 
Royal Indian Engineering College, Coopers ffiU. 

With 37 Plates, 280 Illustrations m the Text, and nearly 100 Micro- 
Sections of Steel, and a Section on 

THB MECHANICAL TREATMENT OF STEEL. 

By J. W. HALL, A.M.Inst. C.E. 

Abbidosd Comtknts.— The Plant, Machinery, Methods and Ohemistry of the Bessemer 
and of tne Open Hearth Processes (Acid and BEiBic).—The Mechanical Treatment of Steel 
comprising Mill Practice, Plant and Machinery. — The Inflaence of Metalloids, Heat 
Treatment, Special Steels, Mioroetraotnre, Testing, and Specifications. 

"A work which we venture to commend as an invaluable compendiom of information upon 
the metallurgy of steel."— /ron and Coal TrcuUs' Eeview. 

The Engineer aays, at the conclusion of a review of this book :— " We cannot conclude without 
earnestly recommending all who may be interested as makers or users of 8teel7 which practically 
means the whole of the engineering profession, to make themselves acquainted with it as speedily 
as DOflsible, and this may be the more easily done as the published price, considering the siie 
of the book, is extremely moderate." 



Third Edition, Thoroughly Revised. With over 100 Additional Pages^ 
and many Plates. 16s. net. 

THE HETALLDR6Y OF IRON. 

By THOMAS TURNER, Assoc.R.S.M., F.LC, 

Frofessor of Metallurgy in the University of Birmmgham. 
In Labob Svo, Handsome Cloth, With Numebous Illustkations 
(many fbom photographs). 

tfmeral (7on<enrt.— Early History of Iron.— Modem History of Iron.— The Age of Steel. 
— Ohtof Iron Ores.—Preparalion of Iron Ores.— The Blast Furnace.— The Air used in the 
RlMt Furnace. — Beactions of the Blast Furnace.— The Ghiseous Products of the Blast 
Furnace —The Fuel used in the Blast Furnace.— Slags and Fuxes of Iroti Smelting.— 
Properties of Oast Iron. — Foundry Practice. — Wrought Iroa — Indirect Production of 
Wrought Iron.— The Puddling Process.— Further Treatment of Wrought Iron. ~ Corrosion 
of Iron and Steel. 

" A MOST VALUABLE sUMMABT of knowledge relating to every method and stage 
in the manufacture of cast and wrought iron . . . rich in chemical details. . . , 
BxHAusnvE and thorouohlt up-to-date."— .Bui^eiin of the American Iron 
and Steel Association. 

This is A DRLIOHTFUL BOOK, giving, as it does, reliable information on a subjeot 
becoming every day more elaborate." — Colliery Chiardian. 

THOBOUGHLT USEFUL BOOK, which oringS the subject up TO DATE. Ot 

OBEAT TALUB to thosc oDgaged in the iron industi^.'' — Mining Journal. 



%* For Professor Turner's Lectures on Iron-Founding^ see page 68. 
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Tenth Edition. With Tables and Illustrations. Crown 8to. 
Cloth, los. 6d. 

A TEXT-BOOK OF ASSAYING: 

For the use of Students, Mine Managers, Assayers, do, 
Bv J. J. BERINGER, F.I.C., F.C.S., 

Public Analyst for, and Lecturer to the Mining Association of, Comwafl. 

And C. BERINGER, F.C.S., 

Late Chief Assayer to the Rio Tinto Copper Company, London, 

Gbnbral Contents. — Part I. — Introductory ; Manipulation : Sampling ; 
Drying ; Calculation of Results— Laboratory-books and Reports. Methods : Dry Gxavi- 
metric; Wet Gravimetric— Volumetric Assays: Titrometnc, Colorimetric, Gasometrio— 
WeigUng and Measuring— Reagents— Formulae, Equations, &c— Specific Gravity. 

Part II.— Mbtals : Detection and Assay of Silver, Gold, Platinum, Mercury, Copper, 
Lead, Thalliuin, Bismu^ Antimony, Iron, Nickel, Cobalt, Zinc, Cadmium, Tin, Tungsten, 
Titanium, Manganese, Chromium, &c.— Earths, AUealies. 

Part III.— Non-Mbtals : Oxygen and Oxides; The Halogens— Sulphur and Sul- 
phates—Arsenic, Phosphorus, Nitrogen— Silicon, Carbon, Boron — ^Useful Tables. 

"A XXAU.Y MBXiTORious WORK, that may be safely depended upon either for systematic 
instruction or for reference.' —JVo/wrv. 

"This work is one of the best of its kind."— f^i;^^'*'^- 



FotTBTH Edition, Revised, ffcmdaome Cloth. With Numerous 
lUustrations. 6b. 

A TSXT-BOOK OF 

ELEMENTARY METALLURGY. 

Including the Author's Practical Laboratobt Coubsb. 

By a. HUMBOLDT SEXTON, F.I.C., P.O.S., 
PrafMBor of Metallurgy in the Glasgow and West ot Scotland Teehnical College. 

GENERAL CONTENTS.— Introdnction.— Properties ot the Metals.— GomboBtioii. 
—Fuels.— Refractory Materials. --Fnrnaces.—OcQorrenoe of the Metals in Nature.— 
Prepiration of the Ore for the Smelter. ^Metallurdoal Processes.— Iron.— SteeL— 
iJopjper. — Lead. — and Tin. — Silver. — Grold. — Mercury. — Alloys. — Applicationi 
of Eleotbioitt to Metallurgy. — Labobatort Coubsb. 

Just the kind of work for Students gommbngino the study of MetaL 
or for Engibbbbibo Students." — Practical Bngineer. 
ZOBLLBNTLT got-up and WELL-ABRABOED. "— CAmtcaZ Trade JourtuU. 



In Large 8vo. Handsome Cloth. Price 48. 

TABLES FOR 

QDANTITATIYE METALLDR6ICAL ANALYSIS. 

^ FOR LABORATORY USE. 

ON THE PRINCIPLE OF ''GROUP" SEPARATIONS. 
By J. JAMES MORGAN, F.O.S., M.S.O.l. 

The Author m&y be oongbatulatbd on the way his work h&B been earried out*'— 
Engineer. 

"will ooifMBND iTSBLF highly in Laboratory Praotioe. Its oleabnbss and pucmov 
mark the book oat as a highly useful one"— Mining Journal. 
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Sboond Edition, Revised, Enlarged, and in psirt Re-written. 
With Additional Sections on Modern Thbobdbs of Electrolysis 
Costs, &c. Price lOs. 6d. 

A TREATISE ON 

ELECTRO-METALLURGY: 

Embracing the Application of Electrolysis to the Plating, Depositing, 
Smelting, and Refining of various Metals, and to the Repro- 
duction of Printing Sarfaoes and Art- Work, &;c. 

BY 

WALTER G. MCMILLAN, F.LC, F.C.S., 

Secrettvry to the InstitutUm of Electrical Engineers; late Lecturer in Metallurgy 
at Mason CoUege, Birmingham. 

With numerous Illustrations. Large Grown 8vo. Cloth. 

''This excellent treatise, . . . one of the best and most oohplbtf 
mannals hitherto published on Electro-Metallurgy." — Ekctrical Beview, 
«* This work will be a standard." — JeweUer, 

"Any metallurgical process which reduobs the cost of production 
must of necessity prove of great commercial importance. . . . We 
recommend this manual to all who are interested in the practioal^ 
APPIJOATION of electrolytic processes.^ — Nature, 



Second Edition, Thoroughly Revised and Enlarged. In large 8vo. 
With Numerous Illustrations and Three Folding- Plates. 21s. net. 

ELECTRIC Smrafr & REEim&r 

A Practical Manual of the Extraction and Treatment 
of Metals by Electrical Methods. 
Being the ** Elektro-Metalluroie " of Dr. W. BORCHERS. 
Translated from the Latest German Edition by WALTER G. M«MILLAN» 

F.I.C., F.O.S. 
CONTENTS. 

Part I. — Alkalies and Alkaline Earth Metals: Magnesium,, 
lithium, Beryllium, Sodium, Potassium, Calcium, Strontium, Barium, 
the Carbides of the Alkaline Earth Metals. 

Part II. — The Earth Metals : Aluminium, Cerium, Lanthanum, 
Didymium. 

Part III. — The Heavy Metals : Cop^r, Silver, Gold, Zinc and Cad- 
mium, Mercury, Tin, Lead, Bismuth, Antimony, Chromium, Molybdenum, 
Tungsten, Uranium, Manganese, Iron, Nickel, and Cobalt, the Platinum 
Group. 

" Comprbhbnsivb and AUTHORirATiYE ... not only full of yaluablb invob- 
MATIOH, but gives evidence of a thorough insight into the technical valub and 
POeSTBiLinES of all the methods discussed."— 7A« Electrician. 

" Dr. Borohbrs' wbll-known work . . . must of nbobssity bb aoquirbd by 
every one interested in the subject. Exobllently put into English with additional 
matter by Mr. MoMillan."— ^atur«. 

" Will be of OBBAT sbrykib to the practical man and the Btndent"— Electric Smelting. 
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In Medium 8vo, Handsome Cloth. FuUy Illustrated. Ids. net. 

GENERAL FOUNDRY PRACTICE: 

A Practical Handbook for Iron, Steel and Brass Founders, 
Metallurgists, and Students of Metallurgy. 
By a. M°WILLIAM, A.R.S.M., and PERCY LONGMUIR. 

Contents.— Introduction.— Oeneral Properties of Matter.— Moulding Sands.— Facing 
Sands and Facings. — Foundry Tools. — Moulding Boxes. — Handling Material in the 
Foundry. — Open Sand Moulding.— Cores.— Elementary Aspects of Moulding.— Oreen 
Sand Moulding. — Securing Cores in Moulds. — Moulding from Guides.— Bench, Oddside, 
«nd Plate Moulding.— Machine Moulding.— Dry Sand Moulding.— Loam Moulding.— 
€hill Casting.— Casting on other Metals.— Burning.— Weighting and Binding Materials. 
— Shrinkage. Contraction, and Warping.— Dressing Castings.— Common Faults due to 
Mould and Pattern.— Malleable or Wrought Iron, Steel and Malleable Cast Iron.— Cast 
Iron.— Refractory Materials.— Fuels and Furnaces.— Mixingby Analysis.- Remelting.— 
Working the Cupola.— Further Treatment of Cast Iron.— High Temperature Measure- 
ment.— Steel.— Notes on Metals other than Iron.- Alloys.— Mechanical Testing.— 
Micrographic Analysis.— Common Faults.— Foundry Management.— Index. 

" The student of foundry work . . . needs no other text-book. . . . The book 
contains a tremendous amount of information, and is well written."— ^nflfineen»v Times. 



Extra Crown %vo. With 48 Eluatrations. 3«. 6d, net. 

LECTURES ON IRON-FOUNDING. 

By THOMAS TURNER, ]\T.So., A.R.S.M., F.I.C., 

Professor of Metallurgy in the Univenity of BhTni njghani. 
Contents,- Varieties of Iron and Steel.— Application of "CasV mn.— Sistory.— Pro- 
duction.— Iron Ores. —Composition. — The Blast Furnace.— Materials.— Reaolaons.— 
Grading Pig Iron. — Carbon, Silicon, Sulphur, Phosphorus, Manganese, Aluminium, 
Arsenic, Copper, and Titanium.— The Foundi*y.— General Arrangement.— Be-meltinc 
Cast Iron. — The Cupola.— Fuel Used. — Changes due to Re-melting.— Moulds and 
Moulding.— Foundry Ladles.— Pouring and Pouring Temperature.— Common Troubles.-r 
Influence of Shape and Size on Strength of Castings.— Tests. 

Ironfounders will find much information in the book."— Iron Trade Circular 
{Rylcmd's). 

In Large 4£o, Library Style. BeaiUifuUy Illustrated with £0 Plates, many 
in Colours, and 94 Figures in the Text. £2, 28. net. 

PRSCIOXJS STOM^fSS: 

Theip Ppopepties, Ooouppenoes, and Uses. 

A Treatise for Dealers, Manufacturers, Jewellers, and for all 
Collectors and others interested in Gems. 
By De. max BAUERj of the University of Marburg. 

Translated by L. J. SPENCER, M.A. (Cantab.), F.G.S. 
" rhe plates are remarkable for their beauty, delicacy, and truthfulness. A glance at 
them alone is a lesson on precious stones, whilst the perusal of the work itself should 
add a new interest to any casket of jewels or cabinet of gems, or even to a Jewellers' 
window."— ^t^rwBum. 



In Large Crown 8vo. With Numerous Illustrations^ Ss. 6d» 

THE ART OF THE GOLDSMITH AND JEWELLER. 

A Manual on the Manipulation of Gold and the 
Manufacture of Personal Ornaments. 

By THOS. B. WIGLEY, 

Headmaster of the Jewellers and Silversmiths' Assoc. Tech. School, Birmingham. 

Assisted by J. H. STANSBIE, B.So. (Lond.), F.I.O., 

Lecturer at the Birmfaigham Municipal Technical School. 
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Third Edition, Revised, Enlarged, and Re-issaed. Price 6s. net. 
A SHORT MANUAL OF 

INORGANIC CHEMISTRY. 

By a. DUPRE, Ph.D., F.R.S., 
And WILSON HAKE, Ph.D., F.I.O., F.C.S., 

Of the Westminstor Hospital Medical School 

"Ah bxamplb of tmb advantages op thx Svstkmatic Tsxatmkiit of a Science 
the fragmentary style so generally followed. By a lohg way thb bbst of the small 
Manuals for Students."— ^nMt/yf^. 



In Handsome Cloth. With nearly 50 Illustrations. 3s. 6d. net. 

THE ELEMEHTS OF CHEMICAL EHGIHEERIHG. 

By J. GROSSMANN, M.A., Ph.D., E.I.C. 

WITH A PREFACE BT 

Sib WILLIAM RAMSAY, K.C.B., F.R.S. 
GONTUITS.— The Beaker and its Technical Bqoiyalents.— DistUling Flasks, Liebig's 
Condensers.— Fractionattng Tubes and their Technical Bquivalents.— The Air-Bath and 
its Technical Bqoivalents.— The Blowpipe and Crucible and their Technical Equiyalents. 
— The Steam Boiler and other Sources of Power. — General S^marks on the Application 
of Heat in Gheniical Engineering.— The Funnel and its Technical Equivalents.— The 
Mortar and its Technical Equivalents.— Measuring Instruments and their Technical 
Equivalents.— ^Materials Used in Chemical Engineering and their Mode of Application. — 
Technical Research and the Designing of Planl;.— Conclusion.— Chemicals and Materials. 
—Index. 

"Excellent. . . . Bve^ student of chemistry attending a technical course should 
obtain a copy. — Chemical A em. 



LABORATOBT HANDBOOKS BT A. HUMBOLDT SEXTON» 

Profaator of Metallargy in the Glasgow and West of Scotland Technical CktUoge. 



OUTLINES OF QUANTITATIVE ANALYSIS. 

FOR THB USB OF STUDBNT8. 

With DliuitratioiiB. FrrrH Edition. Crown Svo, Cloth, 8b. 

" A ooMFAor LABORATOBT GUiDB for beginners was wanted, and the want has 
been WBLL suppiiiBD. . . , A good and useful book.'* — Lomcek 



OUTLINES OF QUALITATIVE ANALYSIS. 

FOR THB USB OF STUDBNTS. 

With Illustrations. Fou&th Edition, Revised. Crown Svo, Cloth, 8b. 6d« 

** The work of a thoroughly practical chemist."— Brttitfc Medical Journal, 
** Compiled with great oare, and will supply a wvat.**-' Journal of JBdumtion. 

ELEMENTARY METALLURGY: 

Inclndinfi: the Author's Practical Laboratory Course. 

[See p. 66. 
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"The aathora have bucobbdbd beyond all expectations, and have prodooed a work which 
•honld glTe rusH powkr to the Bngineer and Manufacturer."— 2^ Timet. 

In Two Vols., Large 8vo. With Illuatratioiui. Sold Separately. 

CHEMISTRY FOR ENGINEERS 
AND MANUFACTURERS. 

A PRACTICAL TEXT-BOOK. 

BY 

BERTRAM BLOUNT, F.I.C, & A. G. BLOXAM, F.I.O. 

CHEMISTRY OF ENGINEERING, BUILDING, AND 
METALLURGY. 

General Contend.— INTBODUCTION—Glieniistry of the CUef Material* 
of ConBtmctlon— Sources of Energy —Cbemlstry of Steam-raising— Obemls- 
try of Lubrication and l^nbricants— Metallurgical Processes used in the 
Winning and Manufacture of Metals. 

Seoond Edition, Thoroughly Revised. Illustrated. 168. 

THE CHEMISTRY OF MANUFACTURING 
PROCESSES. 

General Contents. —Sulphuric Acid Manufacture— Alkali, ftc. — Destructiye' 
Distillation— Artificial Manure— Petroleum— Lime and Cement— Clay and 
Glass- Sugar and Starch — Brewing and Distilling — Oils, Resins, and 
Varnishes— Soap and Candles — Textiles and Bleaching — Colouring 
Matters, Dyeing, and Printing — Paper and Pasteboard — Pigments and 
Paints — Leather, Glue, and Slxe — Bzplosives and Matches — Minor 
Manufactures. 

"Certainly a oood and usbtul book, constituting a pkaotioal guxdi for stndenta 
affording a ole«r oonoeption of the numerouB proooBBes m a whole.**— C%«mida2 Tradt 
Jownua. 



Second Edition. In Large 8vo. Handsome Cloth. With 8oo pages 
and 154 Illustrations. 25s. net. 

OILS, FATS, BUTTERS, AND WAXES: 

THEIR PREPARATION AND PROPERTIES, AND MANUFACTURE THERE- 
FROM OF CANDLES, SOAPS, AND OTHER PRODUCTS. 

By C. R. ALDER WRIGHT, D.Sc, F.R.S., 

Late Lecturer on Chemistry, St. Mary's Hospital MecUcal School ; Examiner 
in "Soap" to the City and Guilds of London Institute. 

Thoroughly Revised, Enlarged, and in Part Rewritten 

By C. AINSWORTH MITCHELL, B.A., F.LC, F.C.S. 

"Will be found absolutbly indispbnsablb." — Tfu Analyst. 

"Will rank as the Standakd English Authority on Oils and Fats for many 
years to cotat.'*— Industries and Iron. 
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0HAELM8 GRIFFIN dl OO.'S PUBLWATIONS. 



FnTH Edition, Thoronffhly Revised, Greatly Enlarged and Re-written. 
With additional Tables, Plates, and Illustrations. 2l8. 

FOODS: 

THEIR COMPOSITION AND ANALYSIS. 

By a. WYNTER BLYTH, M.R.C.S., F.I.O., F.O.S., 

Barrister-ai-Law, Pablic Analyst for the Ooantr of Devon, and 
Medical Officer of Health for St Marylebone. 

And M. WYNTER BLYTH, B.A., B.Sc., F.C.S. 

Gbnbbaij Contents. — History of Adulteration. — Legislation. — Ap- 
^ratns. — "Ash." — Sngar. — Confectionery. — Honey. — Treacle. — Jams 
and Preserved Fmits.— Starches. —Wheaten-Flonr. — Bread. —Oats.— 
Barley. — Rye. — Rice. — Maize. — Millet. — Potatoes. — Peas. — Lentils. — 
Beans. — Muk.— Cream. — Bntter. — Oleo-Marearine. — Cheese. — Lard. - 
Tea. — Coffee. — Cocoa and Chocolate. — AlCohoL — Brandy. — Rom. — 
Whisky. — Gin. — Arrack. — Liqueurs. — Absinthe. — Yeast. — Beer. — Wine. 
— Vinegar. — Lemon and Lime Juice. — Mustard. — Pepper. — Sweet and 

Bitter .Edmonds.- Annatto.— Olive Oil.— Water Analysis.— Appendix : 

Adulteration Acts, &c. 

Simply nTDisPxiiaABLB in the Analyst's laboratory."— Lcutcd. 

A new edition of Mr. Wynter Blyth's Standard work, khxiobbd with all tbs kbosr 
'DisooTBBiBB AND ncpBoyKiaiim, win be accepted as a Xtwm.^'^Chmieal Newt, 



FoxTBTH Edition, Thoroughly Revised. In Large 8vo, Cloth, with 
Tables and Illustrations. 2l8. net. 

POISONSs 

THEIR EFFECTS AND DETECTION. 

By a. WYNTER BLYTH, M.R.C.S., F.I.C., F.O.S., 

Barrister-at-Law, Pablic Analyst for the Gonnty of DevoUf and 
Medical Officer of Health for St Marylebone. 

GENERAL OONTENTS. 

I. — Historical Introduction. II. — Classification — Statistics — Connectioii 
^between Toxic Action and Chemical Composition — Life Tests— General 
Method of Procedure — The Spectroscope— Examination of Blood and Blood 
Stains. III. — Poisonous Gases. lY. — Acids and Alkalies. V. — More 
•or less Volatile Poisonous Substances. YI. — Alkaloids and Poisonous 
Vegetable Principles. VII. — Poisons derived from Living or Dead Animal 
Subst ances. YIII. — The Oxalic Acid Group. IX. —Inorganic Poisons. 
Appendix : Treatment, by Antidotes or otherwise, of Cases of Poisoning. 

** Undoabtedly tbs mosv oomplbts work on Toxicology in our langnaffe."— 2%« ^nclfit ftm 
tht Third XdMon). 

** As a nAonoAi ouidi, we know no birbb work."— Laneet (<mthe Third BdUtm), 
%* In the Third Bditiok, Enlarged and i>artly Re-written, N>w Analytical Msihom have 
•teen innrodnoed, and tlie OABATnio Alkaloids, or Ptom ainbs, bodies playing so great a psrt in 
ffood-poisoniiig and in the Manifestations of Disease, have reoeired spedal attention. 
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Second Edition. With Numerous Tables, Fully Illustrated. 

DAIRY CHEMISTRY 

JOB DAIBT MANAGERS, CHEMISTS, AND ANALYSTS 
A Practical Handbook for Dairy Chemists and others 
having Control of Dairies. 

By H. droop RICHMOND, F.I.C., 

CHEMIST TO THB AYLBSBURY DAIRY COMPANY. 

Cmtents.—l. Introductory. — The Constituents of Milk. II. The Analysis oi 
Milk. III. Normal Milk : its Adulterations and Alterations, and their Detection. 
IV The Chemical Control of the Dairy. V, Biological and Sanitary Matters. 
VI. Butter. VII. Other Milk Products. VIII. The Milk of Mammals other 
than the Cow. — Appendices. — Tables. — Index. 

" . . . In oiir opinion the book is the best contribution on thb subject that 
«AS VBT appbarbd in the English langusigc."— Lancet (on the First Edition). 



Fully Dlustrated. With Photographs of Various Breeds of Cattle, &c. 

• 6s. 716^. 

MILK: ITS PRODUCTION & USES. 

With Chapters on Dairy Farming, The Diaeaaea of Cattle, and on the 
Hygiene and Control of Suppliea, 

By EDWARD F. WILLOUGHBY, 

M.D. (Lond.), D.P.H. (Lond. and Camb.). 

"We cordially recommend it to everyone who has anything at all to do with milk."— 
Dairy World. 

In Crown 8vo, Fully Illustrated. 2s. 6d. net. 
THE LABOBATOBY BOOK OF 

DAIRY ANALYSIS. 

By H. droop RICHMOND, F.I.C., 

Analyst to the Aylesbury Dairy Co., Ltd. 

" Without doubt the best contribution to the literature of its subject that has ever been 
i^rritten." — Medical Times, 



At Press. In Crown 8vo. Handsome Cloth. Illustrated. 
By JAMES CLARK, M.A., D.8c., A.RO.S., 

Principal of the Central Technical Schools for Cornwall. 

CONTBNTS. — The Micro-organlBms of the Soil, their Appearance, Growth, Repro- 
duction, ActiTity and Conditions of Existence.— Soil Bacteria and their Kelations to 
Organic Matter.— Decomposition and Putrefaction.— Formation and Nature of Humus ; 
Decomposition of Farm-yard Manure.— Effects of Tillage Operations and of Various 
Manures on the Decomposition of the Organic Matters in the SoiL— Fixation of F^ 
Nitrogen by Bacteria Living in Symbiosis with Higher Plants.- Nitragin.— Fixation 
of Free Nitrogen by the Soil.— Alinit.— Nitrification. — Denitriflcation.- Conditions 
and Treatment Favourable for the Increase of Soil Nitrogen and for the Process 
of Nitrification. — Soil Bacteria which are of Minor Importance. 
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CHARLES GRIFFIN A CO:8 PUBLIOATIOm, 



Crown 8vo, Handsome Cloth. Fully Illustrated. los. 6d« 

FLESH FOODS: 

With Methods for their Chemical, Microscopical, and Bacterio- 
logical Examination. 
A^raotical Handbook for Medical Men, Analysts^ Inspectors and otheru. 
By C. AINSWORTH MITCHELL, B.A., F.LC, F.C.S., 

Member of Council, Society of Pablic Analysts. 
WUh Numerous Tables, IllustnUions, and a Coloured Plate, 

** A compilatloii which will be most usefiil for the class for whom it is intended."— ^M«»Mrwm. 
*«A book which NO ONB whose duties inTolre considerations of food supply CAN AFFORD TO BB' 
WITHOUT."— /ir»i»ftcC^/ youmal. 



In Large 8vo. Handsome Cloth. 

AGRICOLTORAL CHEMISTRY AND ANALYSIS : 

A PRACTICAL HANDBOOK FOR THE USE OF AGRICULTURAL STUDENTS. 
By J. M. H. MUNRO, D.Sc, F.LC, F.C.S., 

ProfeBsor of Ohemistry, Downton College of Agricolture. 

[/« Preparation, 

In Large 8to. Handsome Cloth. With numerous lUustrationB. 
Each Volume Complete in Itself , and Sold Separately, 

TECHNICAL MYCOLOGY: 

The Utilisation of Micro-organiams in the Arte and Manufactures, 
By Db. FRANZ LAFAR, 

Prof, of FermenUtion-Phjsiology and Bacteriology in the Technical High School, Yienna. 

With an Introduction by Dr. EMIL GEB. HANSEN, Principal of the Carlsberg 
Laboratory, Copenhagen. 

Tkanslatbd by CHARLES T. C. SALTER. 

Vol L-SCHIZOMYCBTIC FBRMBNTATION. 16s. 

Vol II., Papt L-BUMYCBTIC FBRMBNTATION. 7s. 6iL 

"The first work of the kind which can lay claim to completeness in the treatment of 
a fascinating subject. The plan is admirable, the dafisiflcadon simple, the style is goodv 
and the tendency of the whole volnme is to convey sure information to the reader.**— 
Lmncet. 

Crown 8vo, Handsome Cloth. With Diagrams. 7s. 6d. net. 
[Companion Volume to ''FERMENTS," by the same Author,] 

TOXINES AND ANTITOXINES. 

By OARL OPPENHEIMER, Ph.D., M.D., 

Of the Physiological Institute at Erlangen. 
Translated from the German by 
C. AINSWORTH MITCHELL, B.A., F.LC, F.C.S. 

With Notes, and Additions by the Author, since the publication of the German Edition. 

" For wealth of detail, we have no small work on Toxines which equals the one 
andtr review."— JfediecU Times. 
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In Crown 8vo, Handsome Cloth. Price 78. 6d. net. 

FERMENTS 

AND TKSIR AGTXONTS. 

A Text-book on the Chemistry and Physics of Fermentative Changes, 

By carl OPPENHEIMER, Ph.D., M.D., 

Of the PhyBiological Institnte at SrUmgen. 
Translated from the German bt 
C. AINSWORTH MITCHELL, B.A., F.LC, F.C.S. 
Abridgbd GoMTBMT8.—Introduotioii.—I>eflDition.— Chemical Katnre of Ferments.— 
Influence of External Factors.— Mode of Action.— Fhysiolo^cal Action.— Secretion.— 
ImporUmceof Ferments to Vital Action.— Proteolytic Ferments.— Trypsin.— Bacterio^ic 
and Hflemolytic Ferments.— Vegetable Ferments.— Coagnlating Ferments.— Sacchart^nns 
Fermeitts. — Diastases. — Polysaccharides. — Enzymes. — Ferments which decompose 
Glucosides.— Hydrolytic Ferments.- Lactic Acid Fermentation.— Alcoholic Fermenta- 
tion.— Biology of Alcoholic Fermentation.— Oxydases.— Oxidising Fermentation.— Bibli- 
•ography . —Index. 

. " Saoh a yeritable muUum in panoo has ncTCr yet appeared.' —^r«t0er«' Jowwa. 



Third Edition. In Handsome Cloth. Fully Illustrated. 2l8. net. 

PRINCIPLES AND PRACTICE OF BREWING. 

FOR THE USE OF STUDENTS AND PRACTICAL MEN. 

By WA.LTER J. SYKES. 
Rbvisbd bt ARTHUR R. LING, P.I.C., F.C.S., 

Editor of the Journal of the Institute of Brewing. 

COHTINTS. — Physical Principles Involyed. — The Chemistry of Brewing. — The 
Microscope. — Vegetable Biology. — Fermentation. — Water. — Barley and Midtiiig.— 
Arrangement of Brewery Plant.— Quantities of Materials.— Fermentation.— Antiseptics. 
—Finings.— Characteristics of Beer.— Diseases of Beer.— Index. 



In Crown 8yo. Handsome Cloth. Fully Illustrated, es. net. 

PEAT: Its Use land Manufacture. 

By PHILIP R. BJORLING, Consulting Hydraulic Engineer, 

And FREDERICK T. GISSING. 

OBHBaAL CoiTTBNTS.— Introdaction.— The Formation of Peat— Area and Depth of Bogs in 
Principal Countries.— Manufacture of Peat Fuel, Ac.— Cat Peat, Dredged Peat, ana Manufactoied 
Peat.— Machinery employed in the Manufacture of Peat Fuel.— Peat Moss Litter, and the MachinciT 
employed in Its Manufacture.— Peat Charcoal and its Manufacture.— Cost of makhig Peat Fuel and 
Charcoal.— Other Productions derived from Peat, such as Tar, Manure, Candles, Dyes, Paper, he 

— BlSUOOKAPHT.— IKDSX. 

"A vast amount of valuable information . . . excellent illustrations."— Time* £niKiMerifi# 
''^Tbe treatment throughout is clear and interesting . . . excellent plates,' — JSrnfirineeriniy. n 



In Crown 8vo. Handsome Cloth. With 80 Illustrations. 6s. net. 

THE CLAYWORKER'S HANDBOOK. 

An Epitome of the Materials and Methods employed in Brichmafiing and Pottery. 
By THU AUTHOB^pP "THE CHEMISTBYIOF CLAYWOEKING," &0. 
Qbhbbal CosnnTS.— Materials used in Clayworking ; Clays, Bngobes, Olases. Colours, 

Water, FueL Oils, and Lulricants.— The Prenaration of the Clay, Min* " ' 

Weathering, Washing, Grinding. Tempering, and Pu«lng.— Machinery ; Boii 
Machinery, iSieyes, Mixing Macnineir, Presses, Ac— Dryers and Drying.— El 
—Setting or Charging. Transport.— Kilns.— Firing.— Discharging, Sorting, and 
and Waste.— Tests, Analysis and Control.— Bibliogsapht.— Tables.- Indbz. 

"We can thoroughly reconunend this handy little book to all our readers." -JSHcfc and 
J*otttry Trades' Journal. 
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AUTHORISED ENGLISH TBAi^SLATION. 
In Large 8vo. Cloth. With about 150 Illustrations and 350 pages. 
A MANUAL OF 

THE PRINCIPLES OF SEWAGE TREATMENT. 

By Prop. DUNBAR, 

Director of the Institute of State Hygiene, Hamburg. 

Translated by HARRY T. CALVERT, M.Sc, Ph.D., F.I.C., 
Of the West Riding of Yorkshire Water Board. 
Professor Dunbar presents the subject in a logical and thoroughly scientiflr 
manner, and deals, not only with German conditions, but also very largely with thosa 
of this country and America, many of the admirable illustrations being English and 
American. 



BeautifuUy IlluatrcUed, with Numerous PlfUes, Diagrams^ and 
Figurea in the Text, Bis, net, 

TRADES' WASTE: 

ITS TREATMENT AND UTILISATION. 
Handbook for Bopouffh Engineers, Surveyors, Architeets, and Analysts. 

By W. NAYLOR; F.O.S., A.M.Inst.C.E., 

Ohief Inspector of Rivers, Rlbble Joint Oommittee. 
CONTENTS.— I. Introduction.— II. Chemical Engineering.- III.— Wool De-greasing 
and Grease Recovery.— lY. Textile industries; Calico Bleaching and Dyeing.— vT Dyeing 
and Cali co-Pr inttng.- YI. Tanning and FeUmongery.— YII. Brewery and Distillery 
Waste.— Ym. Paper Mill Refuse. —IX. General Trades' Waste.— Ihdbx. 

There is probably no person in England to-day better fitted to deal rationally with 
■noh a BVLhjeot/'^Britith Sanitarian. 



In Handsome Cloth. With 69 Illustrations. 6s. net. 

SmOKS ABATEMENT. 

A Manual for the Use of Manufacturers, Inaoectora, Medical Officers of 
Health, Engineers, and Others. 

By WILLIAM NICHOLSON, 

Chief Smoke Inspector to the Sheffield Corporation. 
Contents.— Introduction. — General Legislation against the Smoke Nuisance.— 
Local Legislation.— Foreign Laws.— Smoke Abatement.— Smoke from Boilers, Fiimac6i» 
and Kilns.— Private Dwelling-House Smoke.— Chimneys and their Construction.— 
Smoke Preventers and Fuel Savers. — Waste Gases from Metallurgical Furnaces.— 
Summary and Conclusions.— Index. 

" We welcome such an adequate statement on an important subject."-^0rit«ift 
M^dieal Journal. 



Second Edition. In Medium 8vo. Thoroughly Revised and Re- Written. 

15s. net, 

CALCAREOUS CEMENTS: 

THEIR NATURE, PREPARATION, AND USES. 

'Wl^la some Rexncavka upon. Cmneza^ Veai^ln^* 

By GILBERT R. REDGRAVE, Assoc. Inst. C.E., 

Assistant Secretary for Technology, Board of Education, South Kensington, 

And CHARLES SPACKMAN, F.C.S. 

•* We can thoroughly recommend it as a first-class investment." — Practical Engineer. 
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With Four Folding Plates and Numerons Illiutrations. Large 8to. 
88. 6d. net. 

WATER SUPPUY: 

A Praotleal Tr§atiae on the Selection ofSouroea and the Distribution of Water. 
By REGINALD E. MIDDLETON, M.Inst.C.E., M.Inst.Mxoh.E., F.S.I. 

Abkidgbd Contbnts.— Introductory.— Kequirements as to Quality.— Seqairements 
as to Quantity.— Storage Seservoirs.—Purmcation.— Service Seservoirs.— The Flow 
of Water through Pipes. — Distributing Systems. — Pumping Machines. — Special 
Requirements. 

"As a companion for the student, and a constant reference for the technical man, we- 
anticipate it will take an important position on the bookshelf."— Proettea^ Bftgineer. 



In Large Grown 8vo. Fully Illustrated. In Two Volumes. 

VoLumE I. FOURTH EDITION. PrIce 78. 6cl. net. 
ff II. Third Edition. Ready Shortly. 

THE CHEMISTRY OF 

OILS IVEANXJFACTXJRE : 

A Hand-Book on the Produotion, Purifioation^ and Testing of Illuminating- 
Qaa, and the Assay of the Bye-Products of Gas Manufacture. 

By W. J. ATKINSON BUTTERFIELD, M.A., F.I.C., F.O.S., 

Formerly Head Ohemist, Gas Works, fieckton, London. S. 
" The BB8T WOBK of its kind which we have ever had the pleasure of re- 
viewing.** — JourruU of Oas Lighting, 



With Diagrams and IllastratiouB. 5s. net. 

THE PRINCIPLES OF ITS GENERATION AND USE. 
By F. H. LEEDS, F.I.O., F.C.S., 

Member of the Society of Public Analysts and of the Acetylene Association; 

And W. J. ATKINSON BUTTERFIELD. M.A., F.I.C., F.C.S., 

Consulting Chemist, Author of "The Chemistry of Oas Manufacture." 
" Brimful of information."— CAem. Trade Journal. 

"We can thoroughly recommend the book to the manufacturer as a reliable work 
of reference, to the user as supplying valuable hints on apparatus and methods of 
procedure, and to the student as a safe and certain guide."— Acetylene. 



Large 8vo. Handsome Cloth. Price 16s. net. 

FIRE AND EXPLOSION RISKS: 

A Handbook of the Deteotton, Inueettgation, and Preuentlon of Firea and Explosions. 

By Db. von SOHWAETZ. 
Translated from the Revised German Edition 
By C. T. C. SALTER. 
Abbbidoed General Contents.— Fires and Bxplosions of a General Character — 
Dangers arising from Sources of Light and Heat. — Dangerous Gases.— Kisks Attending 
Special Industries. — Materials Employed. — ACTicultural Products.— Fats, Oils, and 
Kesins.— Mineral Oils and Tar.— Alcohol, (fee— Metals, Oxides, Acids, dkc.— Lightning 
Ignition Appliances, Fireworks. 

"The work affords a wealth of information on the chemistry of Are and kindred' 
topics."— I^^e and Water. 

** A complete and useful survey of a subject of wide interest and vital importance."— 
on and CoUurman'e Journal. 
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Thirteenth Edition, Thoroughly Revised. The Appendix on Sanitary 
Law being Entirely Re- Written for this Edition. Price 6s. 

PRACTICAL SANITATION: 

■A HAND-BOOK FOR SANITARY INSPECTORS AND OTHERS 
INTERESTED IN SANITATION. 
By GEORGE REID, M.D., D.P.H, 

Ftikw, Mtm, CfftfHcil, and ExamtMer, Sanitary InsHMe of Great Britam, 
ami Medical OjffUer ta the Staffordshire County Council 

TDSlitb an BppenMx on Sanitats Xaw* 

By HERBERT MANLEY, M.A., M.B., D.P.H., . 

Burrister-at-Law, 

Gbnbral Contents. — Introduction. — Water Supply : Drinking Water, Pollution of 
Water. — ^Ventilation and Warming. — I^inciples of Sewage Removal. — Details of Drainage ; 
Refuse Removal and Disposal.— Sanitary and Insanitary Work and Appliances.—Details of 
Plumbers' Work. — House Construction. — Infection and Disinfection.— Food, Inspection of; 
<^haracteristics of Good Meat ; Meat, Milk, Fish, &c., unfit for Human Food.— Appendix : 
Sanitary Law; Model Bye-Laws, Cvic. 

" A VBRY USEFUL HANDBOOK, with a very useful Appendix. We recommend it not only to SANITARY 
INSPECTORS, but to Householders and all interested in Sanitary I/Laxxers."— Sanitary Record. 



In Handsome Cloth. With 53 Illustrations. 3s. 6d. net. 

LESSONS ON SANITATION. 

By JOHN WM. HARRISON, M.R.San.L, 

Mem. incor. Assoc. Mun. and' County Engineers; Surveyor, Wombwell, Yozks. 

Contents.— "Water Supply.— Ventilation. — Drainage.— Sanitary Building Construction.— 
Infectious Diseases. — Food Inspection. — Duties of an Inspector of Nuisances and Common 
Irodfi^ing- Houses. — Infectious Diseases Acts. — Factory and Workshop Acts. — Housing of 
the Working-Classes Act.— Shop Hours Acts.— Sale of Food and Drugs Acts. The Mar- 
garine Acts.— Sale of Horseflesh, &c., Rivers Pollution.— Canal Boats Act.— Diseases of 
Animals. — Dairies, Cowsheds and Milkshops Order.— Model Bye-Laws.— Miscellaneous.— 
Index. 

"Accurate, reliable, and compiled with conciseness and care.*" — Sanitary Record, 



Second Edition, Revised. In Crown 8vo. Handsome Cloth. Profusely 
Illustrated. 8s. 6d. net. 

SANITARY ENGINEERING: 

A Praotioai Manual of Town Drainage and Sewage and Refuse DiapoacU, 
For Sanitary Authorities, Enflrtneors, Inspootors, Arohlteett, 
Oontraotors, and Students. 

By FRANCIS WOOD, A.M.Inst.C.E., F.G.S., 

Borough Engineer and Surveyor, Fulham ; late Borough Engineer, Bacup, Lanes. 
GENERAL CONTENTS. 

Introduction. — Hydraulics.— Velocity of Water in Pipes. — Earth Pressures and Retaining 
Walls.— Powers.— House Drainage.— Land Drainage.— Sewers.— Separate System.— Sewage 
Pumping.— Sewer Ventilation.— Drainage Areas. ~ Sewers, Manholes, &c.— Trade Refuse.— 
Sewage Disposal Works. — Bacterial Treatment. — Sludge Disposal. — Construction and 
Oeansing of Sewers. — Refuse Disposal.— Chimneys and Foundations. 

" The Tolume bristles with Information which will be greedily read by those In need of asdstance. The 
■book is one that ought to be ou tlie bookshelves of BVHRY practical BNGINBBR."— ^wt^cry youmat. 

"A VBRn-ABLB POCKET COMPENDIUM of Sanitary Engineerine. ... A work which may, ia 
«Bany respects, be considered as COMPLBTE . . , COMMEND ABLY CAUTIOUS . . INTBRBSTING< 
. . . S[3GGBS'nym:'-PublicHeaUhSnetneer. 
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Vol. I. Now Ready. In Half Morocco^ 248. net. 

In Two Volumes^ each complete in itself, 

PHYSICO-CHEMICAL TABLES 

FOR THE USE OF ANALYSTS, PHYSICISTS, CHEMICAL 
MANUFACTURERS AND SCIENTIFIC CHEMISTS. 

Yoinme I. — Chemical Engineering, Fliysical Chemistry. 
Volume II. — Chemical Physics, Pure and Analytical Chemistry. 

{Shortly, 

By JOHN CASTELL-EVANS, F.I.C, F.C.S., 

Lecturer on Inorganic Chemistry and Metallurgy at the Finsbury Technical Collie. 

The Tables may almost claim to be exhaustive^ and embody and collate all the most 
recent data established by experimentalists at home and abroad. The voliunes will be 
found invaluable to all engaged in research and experimental investigation in Chemistry and 
Physics. 

The Work comprehends as &r as possible all rulbs and tables required by the 
Analyst, Brewer, Distiller, Acid- and Alkali-Manu&ctiurer, &c., &c r and aOso the prin- 
cipal data in Thbrmo-Chbmistry, Elbctro-Chbmistry, and the various hrancbM of 
Chxmical Physics. Every possible care has been taken to ensure porfect accnracy, and 
to include the results of the most recent investigations. 



Sbcond Edition. In Large 8vo. Handsome Oloth, BeautiJuUy 
Uluatraied. With Plates and Figurea in the Text. 

Road Making and Maintenance : 

A PBACTICAIi TBEATISE FOB ENGINEEBS, 
SXTBVEYOBS, AND OTHEBS. 

With an Historical Sketch of Ancient and Modern Pbaotkoi. 
By THOS. AITKEN, Assoc. M.Inst.O.E., 

Member of the Association of Municipal and County Engineers ; Member of the Sanitary 
Inst ; Surveyor to the County Council of life, Cupar Division. 

WiTH NUMEROUS PLATES, DIAGRAMS, AND lUUSTRATIONS, 

Contents. — Historical Sketch.— Resistance of Traction. — Layine oat 
New Roads. — Earthworks, Drainage, and Retaining Walls. — Road 
Materials, or Metal. — Qnarrying. — Stone Breaking and Haulage. — Road- 
Rolling and Scarifying. — The Construction of New, and the Maintenance 
of existing Roads. — Carriage Ways and Foot Ways. 

'•'The Literary style ia uoiubnt. . . . A coupuHiKsrvB and sxobllbht Modem Book« an 
VP-TO-DATB work. . . . Should be on the reference shelf of every Municipal and Goimty 
Bnitineer or Surveyor in the United Kingdom, and of every Colonial Bnjsineer."— Surveyvr, 
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In Large Svo. Handsome Cloth. Profdsely Illustrated. 
A COMPREHENSIVE TREATISEJ^ON 

COLOUR MANUFACTURE. 

Comppisinfir the Manufacture, Investigation, and Ppaetieal Application of 
Colourinff Matter. 

By GEORGE ZERR and Dr. R. RUBENKAMP. 

TKANSLATED by Dr. C. MAYER, OP BURGDORF. 



Fourth Edition, Revised and Enlarged. With Illustrations. 12s. 6d. 

PAINTERS' COLOURS, OILS, AND VARNISHES : 

A PRAOTIOAX. BEAinJAXb 

By GEORGE H. HURST, F.C.S., 

Member of the Society of Chemical Industry ; Lecturer on the Technology of Paintera ' 
Colours, Oils, and Varnishes, the Municipal Technical School, Manchester. 

General Contents.— Introductory— The Composition, Manufacture^ 
Assay, and Analysis of Pigments, White. Red, Yellow and Orange, Green, 
Blue, Brown, and Black— Lakes— Colour and Paint Machinery— Paint Vehicles 
(Oils, Turpentine, &c., &c.) — Driers — ^Varnishes. 

" A THOROUGHLY PKACTiCAL book, ... the ONLY English work that satisUctorfly 
treats of the manufacture of oils, colours, and pigments."— CAMmc^o/ Trad*£ Jountml. 



In Crown Svo. Handsome Cloth. With Illustrations. 5s. 

THE PAINTER'S LABORATORY GUIDL 

A Student's Handbook of Paints, Ck)loiiFS, and Varnishes. 

By GEORGE H. HURST, F.C.S., M.S.C.L 

Abstract of Contents. — Preparation of Pigment Colours. — Chemical Principles 
Involved. — Oils and Vambhes. — Properties of Oils and Varnishes. — Tests and Experiments. 
— ^Plants, Methods, and Machinery of the Paint and Varnish Manufactures. 

"This excellent handbook, . . . the model of what a handbook should be."— C7f&r 
Colours^ and DrysalterU$. 



Third Edition, Revised. In Crown Svo. extra. With Numerous niustra^ 
tions and Plates (some in Colours), including Original Designs. 128. 6d. 

Painting and Decorating: 

A Gonvplete Practical Manual for House 
Painters and Decorators. 

By WALTER JOHN PEARCE, 

LBOTURKR AT THB HAHOHSSTKB TXOHNICAL SCHOOL TOR HOUBB-PAnfUNO AMD DSOOKATUrO 
**A THOBOnGHLY USBVUL BOOK . . . OOOD, SOUND, PBAOTIOAL INTOR- 

ICATION in a CLEAR and concise torm. "—PZum&er amd Decorator. 

" A THOROUOHLY OOOD AND RELIABLE TEXT-BOOK. . . . So FULL and 

OOXPLBTB that it would be difficult to imagine how anything further oould be 
added about the Painter's cnit^^—BuUdetir Journal. 
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Second Edition. In Large 8vo. Handsome Cloth. With 4 Plates 
and Several Illustrations. i6s. net. 

THE CHEMISTRY OF INDIA RUBBER. 

A Treatise on the Nature of India Rubber, its Chemieal and Physical Examina- 
tion, and the Determination and Valuation of India Rubber Stubstltntes. 

Including the Outlines of a Theory on Vulcanisation, 
By carl otto WEBER, Ph.D. 

'* Replete with scientific and also with technical interest. . . . The section on physical 
properties is a complete risumi of every thing known on the syxhltct.**— India-rubber J ournaL 



In Large Crown 8vo. Fully Illustrated. 5s. net. 

G u u gjbuiltin^je:, 

AND THSIR ALLIED PRODUCTS, 

A Practical Handbook for the Manufacturer, Agriculturist, and Student of Teehnology,. 

By THOMAS LAMBERT, 

Analytical and Technical Chemist. 
Contents.— Historical. — Oluk. — Gelatine. — Size and Isinglass.— Treatment of Efflu- 
ents produced in Glue and Gelatine Making. — Liquid and other Glues, Cements, &c. — Use& 
of Glue and Gelatine. — Residual Products. — Analysis of Raw and Finished Products.— 
Apfbndix. —Index. 

"A sufficient accoimt of modem methods of working, chiefly from a practical standpoint. 
A book . . . of real value." — Chemical News. 



In Large 8vo. Handsome Cloth. Fully Illustrated. 15s. net. 

riSJLTKXSR TRJBLOES' CHEMISTRY. 

A Practical Manual on the Anaiyaia of Materials and Finished Products. 

By S. R. TROTMAN, M.A., F.I.C., 
Public Analyst for the City of Nottingham, Member of the International Association 
of Leather Trades' Chemists. 
Synopsis of Contbnts.— Standard Solutions.— Adds, Alkalies, &c.— Water.— Depilatioa 
and Deliming.— Fleshings, &c.— Glue.— Spent Liquors.— Mineral and Vegetable Tanning 
Agents.— Oils.— Soaps. — Varnishes.— Skin. — Leather. — DyestufTs.- Degreasing Agents.— 
Effluents. — Glcss ary.- I ndex. 



In Medium 8vo, Handsome Cloth. Fully Illustrated. 12s. 6d. net. 

PAPER TECHNOLOGY: 

AN ELEMENTARY MANUAL ON THE MANUFACTURE, PHYSICAL QUALITIES^ 
AND CHEMICAL CONSTITUENTS OF PAPER AND OF 
PAPERMAKING FIBRES. 
With Selected Tables for Stationeps, Publishers, and Others. 
By R. W. SINDALL, F.C.S. 

Contents. — Introduction. — Technical Difficulties relating to Paper. — Rag Papers. — 
Esparto, Straw, Notes on Beating.— Wood Pulp.— Wood Pulp Papers.— Packing Papers — 
"Art" Papers.— The Physical Qualities of Paper.- The Chemical Constituents of Paper. 
—The Microscope.— Fibrous Materials used in Paper - making —Analysis of a Sheet of 
Paper.— The C.B S. Units. —Cellulose and its Derivatives.— History. Chronology, and 
Statistics. — Dictionary of Chemical Terms.— Glossary.— City and Guilds Questions.— 
Index. 

Exceedingly instructive and particularly useful.*'— -P«>^r Makers' Monthly J ourmU, 



In Large 8vo. Handsome Cloth. With Plates and Illustrations. 7s. 6d. net. 

THE MANUFACTURE OF INK. 

A Handboo/t of the Production and Properties of Printing, Writing, and Copying Inlfs, 
By C. a. MITCHELL, B.A., F.LC, F.C.S., & T. C. HEPWORTH. 

"Thoroughly well arranged . . . and of a genuinely practical order. *'—j5«/xVA^r7«/^. 
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Sbcond Edition, ThorougUy Revised Throughout, In Two Large 
Volumes, Handsome Cloth, 

A MANUAL OP DYEING; 

/Oi? THE USE OF PRACTICAL DYERS, MANUFACTURERS, STUDENTS, 
AND ALL INTERESTED IN THE ART OF DYEING. 

BY 

B. KNECHT, Ph.D., F.LC, CHR. RAWSON, F.I.C.. F.C.S.. 

HMd of iih« Ohemirtry and Dyeing Department of Late Head of the Chemivtry and Dyeing DepaitmeBt 
Ik* Mhnleal Soihool. Hanoherterx Bditbr of "The of the Tedhnloal OoUege, Bradford : Menabar 
Joomal of the Bodeiy of Dyen and ColonrlBta • " ConnoU of the Society of Dyen and OoI««riali|| 

And RICHARD LOEWENTHAL, PIlD. 

General Contents. — Chemical Technology of the Textile Fabrios— 
Water — Washing and Bleaching — Acids, Alkalies, Mordants — Natural 
Colouring Matters—Artificial Or^2^iGUiic Colouring Matters— Mineral Colours 
— Machinery used in Eyeing — Tinctorial Properties of Colouring Matters — 
Analysis and Valuation of Materials used in Dyeing, &c., &c. 

" ThlB aathoritatiTe and ezhanstiye work . ... the most oomplbtb we hftTe yet seen 
•«B the Babject"— Mcmvfacturer. ^ 



In Large 8vo, Handsome Cloth, Pp, i-ocv + 4O6. 16s, net, 

THE SYNTHETIC DYESTUFFS, 

AND V 

THE INTERMEDIATE PRODUCTS FROM WHICH THEY ARE DERIVED. 

By JOHN CANNELL CAIN, D.Sc. (Manchesteb and TtJBiNOEN), 
Technical Chemist, . 

And JOCELYN FIELD THORPE, Ph.D. (Heidblbbbo), 
Lecturer on Colouring Matters in the Victoria University of Manchester. 
Part L Theoretical. Part II. Practical. Part III. Analytieal. 
" We have no hesitation in describing this treatise as one of the most valuable boQks 
■that has appeared. . . . Will give an impetus to the study of Organic Chemistry 
feoerally.''--C%emioaZ Trduftf t/^ourna^ 



Companion Volume to Knecht ds Rawson^s " Dyeing." In Large Sv,-, 
Handsome Cloth^ L^ary, Style. 16s, net. 
A DICTIONARY OF 

DYES, MORDANTS, & OTHER COMPOUNDS 

USED IN DYEING AND CALICO PRINTING. 

With Formulm, Properties, and Appiioations of the various substances described, ' 
and concise directions for their Gommerciaf Valuation, 
and for the Defection of Adulterants. 

By CHRISTOPHER RAWSON, P.I.O., F.C.S.. 

Oonsulting Chemist to the Behar Indigo Planters' Association ; Co-Anthor of " A Manual 

of Dyeing;" ' • 

WALTER M. GARDNER, F.O.S., 

Head of the Department of Chemistry and Dyeing, Bradford Municipal Technical College ; ' 
Editor of the " Joum. 8.0c Dyers and Colouriats ; " 

And W. p. LAYQOCK, Ph.D., P.O. S., 

Analyticail and Consniting Chemist. 
- ** Turn to tlie boob as one may on any snbjeot, or any substance in oonneotton with the 
:krade, and a reference is sure to be found. The authors have apparently left nothing out" 
'-Textile Mercury. 
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THE TiiXTILE INDUSTRIES, 



In Crown 8vo. Cloth. With Numerous Illustrations. 

THE COTTON WEAVERS' HANDBOOK. 

A Practical Quide to the Construction and Costing of Cotton Fabrics, 
with Studies in Design. 

By henry B. HEYLIN, 

Of the Iloyal Technical Institute, Salford. 



Large 8vo. Profusely Illustrated with Plates and Figures in the Text. 

16s. net. 

THE SPINNING AND TWISTING OF LONG 
VEGETABLE FIBRES 

(FLAX, HEMP, JUTE, TOW, & RAMIE). 

A Practical Manual of the most Modern Methods as applied to the Hackling, Carding,. 
Preparing, Spinning, and Twisting of the Long Vegetable Fibres of Commerce. 

By HERBERT R. CARTER, Belfast and Lille. 

Genebal Contents.— Long Vegetable Fibres of Commerce.— Rise and Growth of 
the Spinning Industry.— Raw Fibre Markets.— Purchasing Raw Material.— Storing and 
Preliminary Operations.— Hackling. — Sorting.— Preparing.— Tow Carding and Mixing.— 
Tow Combing.— Gill Spinning.— The Roving Frame.— Dry and Demi-sec Spinning.— Wet 
Spinning.— Spinning Waste.— Yam Reeling.— Manufacture of Threads, Twines, and 
Cords. — Rope Making.— The Mechanical Department.— Modem MUl Constraction.- 
Steam and Water Power.— Power Transmission. 

" Meets the requirements of the Mill Manager or Advanced Student in a manner 
perhaps more than satisfactory. . . . We must highly commend the work as repre 
senting up-to-date practice."— J^Tatur^. 



In Large Svo, Handsome Cloth^ with Numerous Illustrations, 9«. net, 

TEXTILE FIBRES OF COMMERCE. 

A HANDBOOK OF 

The Oooiirrenoe, Distribution, Preparation, and Industrial 
Uses of the Animal, Vegetable, and Mineral 
Products used in Spinning and Weaving. 

By WILLIAM L HANNAN, 

Lecturer on Botany at tbe Ashton Municipal Technical School, Lecturer on Oottou 
Spinning at the Chorley Science and Art School, Ac. 

With Numerous Photo Engravings from Nature. 

" UsBFUL Intobxation. . . . Adkibabls Illustrations. . . . The information 
is not easily attainable, and in its present convenient form will be valuable."— 2!s:rM;r 
Becorder. 



In Large 8vo, with Illustrations and Printed Patterns. Price 2 is. 

TEXTILE PRINT TINT Or 

A PBACTICAL MABTTJAL. 
Including the ProceBBes Used in the Printing of 
COTTON, WOOLLEN, SILK, and HALF- 
SILK FABEICS. 
By C. F. SEYMOUR ROTHWELL, F.C.S., 

if em. 8oc. of Chemical Industries; late Lecturer at the Municipal Technical School, 
Manchester. 

Bt war the BBflrr and most praotioal book on tsxtilb PBDrrufO which has yet been 
brought out, and will long remain the standard work on the subject It is essentiaUy 
practical in character.*'— 2Vx<«7e Mercury. 

" Ths most PKAoncAL MAiruAL of TBXTiui PBnmNO which has yet appeared. We have 
no hesitation in recommending if— The Textile Manufacturer. 
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Large 8va Handsome Cloth. 12b. 6d. 

BLEACHING & CALICO-PRINTING. 

A Short Manual for Students and 
Practical Men. 



By GEORGE DUERR, . 

'Director of the Kleechlng. Dyeing, and Printing Deputment at the Acerington and Baeap 
Technical Schools ; Chemist and Ooloorist at the Irwell Print Works. 

AssiSTBD BY WILLIAM TURNBULL 
(of TarnboU ft Stockdale, Limited). 

'With ninstrationB and upwards of One Hundred Dyed and Printed Pattemi 
designed specially to show various Stages of the Processes described. 

GENERAL CONTENTS. —Cotton, Composition' of; BuBAOHiva, New 
Processes ; PRiNTiNa, Hand-Block ; Ilat-Press Work ; Machine Printing— 
MoBDANTS— Sttlss OF CALico-J?BiirTiNG : The Dyed or Madder Style, Resist 
Padded SMe, Discharge and Extract Style, Cluromed or Raised Ooloan, 
Insoluble Colours, &c — Thickeners — Natural Organic Colouring Matters 
— ^Tannin Matters — Oils, Soaps, Solvents — Organic Acids — Salts — Mineral 
Colours— Coal Tar Colours— Dyeing— Water, Softening of— Theory of Colours 
— ^Weights and Measures, &c. 

" When a uadt way ont of a difficulty is wanted, it is iv books liki this that it is foand.*— 
TmtOe Beeorder. 

"Mr. Dniui's wobk will be found most usbtul. . , . The information given is of euAi 
'▼ALUB. . . . The Recipes are raoBonoHLT PBACTiOA]^''--T«a8tfi« Jlfami/telMrtr. <; 



At Press. In Handsome Cloth. With 76 Illustrations. 

DYEING AND CLEANING. 

By frank J. PARRELL, M.Sc, &c. 

Genbbal Contents.— Technology of the Textile Fibres. — Dry 
Cleaning. — Wet Cleaning. — Dyeing. — Dry Dyeing. — Special Methods, 
Cleaning and Dyeing Skin Rugs, Feathers, and Hats. — ^Finishing.^ 
Appendices. — Index. 

This practical and exhaustive handbooii will be foi^nd of unusual 
value to those engaged in or interested in the art of Dyeing and 
Cleaning, 
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"Boyi OOULD NOT HAYl A MORS ALLimiNQ INTRODUCTION tO BCientlflO ponillte 

ttum theM charmlng-lookiDg volumes."— Letter to the Publishers from the Head- 
'master of one of our great Public Schools. 

Handsome Cloth, 7a. 6d. Gilt, for Presentatioii, 88. 6d. 

OPEfl-fllll STUDIES IH BOTiqiY: 

SKETCHES OF BRITISH WILD FLOWEBS 

IN THEIB HOMES. 
By R. LLOYD PRAEGER, B.A., M.R.I.A. 

IlliistFated by Drawings fpom Nature by S. Rosamond Praeger, 
and Photographs by R. Weleh. 
Gbnxbal Contsnts. — A Dusy-Starred Pasture^Under the Hawthonu 
— By the Biyer — Along the Shingle — A Fragrant Hedgerow — A Connemara 
Boff — ^Where the Samphire atows — A Flowery Meadow — Among the Com 
(a Study in Weeds)— Di the Home of the Alpines— A City Rubbish-Heap— 
Glossary. 

"A FBISH AND smnJLATlNO book . . . should take a high place ... The 
niQstratioDS are drawn with much skill."— 7A« Timet. 

" BiAunruLLT ILLUST&ATBD. . . . One Of the MOST AOOUKATi as well as 
nTHRKsniiO books of the kind we haye a»eu,"—AtheruBUfn, 

**Bedolent with the scent of woodland and meadow."— 2!j|« Standa/rd. 



With 12 Full-Page llluatrationa from Photographs. Cloth. 
Second Edition, Revised, 8s. 6d. 

OPEjl-AIQ STUDIES Ijl GEOItOGY: 

An IntFoduetion to Geolosry Out-of-doors. 

By GRENVILLE A. J. COLE, F.G.S., M.R.I.A., 

Professor of Geology in the Soyal College of Sdenoe for Ireland, 
and Examiner in the Uniyersity of London. 

Gbnebal Contents.— The Materials of the Earth— A Mountafai HoUow 
— Down the Valley— Along the Shore— Aoross the Plains — Dead Voloanoes 
—A Granite HigUand— The Annals of the Earth— The Surrey Hills— The 
Voids of the Mountains. 

**The FAscnsATDfo 'Opbn-Aik studies' of Pbov. Oolk ciye the subject a glow of 
ANDCATioir . . . cannot faO to arouse keen interest in gw}logj.**--G€oloffieal Magatkte, 

'* A OHABMnro BOOKf beautifully illustrated.'* -AMeiumm. 



Beautifully Illustrated. With a Frontispieoe in Colours, and Numerous 
Speoially Drawn Plates by Charles Whymper. 7s. 6d. 

OPEW STUDIES Ijl BMIPE: 

SKETCHES OF BRITISH BIRDS IN THEIR HAUNTS. 

By CHARLES DIXON. 

The Spacioas Air.— The Open Fields and Downs.— In the Hedgerows.— On 
Open Heath and Moor.— Chi the Mountains. — Amongst the Evergreens. — 
Copse and Woodland.— By Stream and Pool.— The Sandy Wastes and Mud- 
flats.— Sea-laved Rocks.— Birds of the Cities.— Index. 

"Enriched with excellent illustrations. A welcome addition to all libraries."— ^m/- 
minsttr Review. 
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Twenty-fourth Annual Issue. Handsome oloth, 78. 6d. 
(To Subscribers, ds.). 

THE OFFICIAL YEAR-BOOK 

OF THB 

SCIENTIFIC AND LEARNED SOCIETIES OF GREAT BRITAIN 
AND IRELAND. 

OOMPILS£D FROM OFFIOIAL SOUBOBB. 

OompriBing {together with other Official Information) LISTS of the 
PAPERS read during the Session 1906-1907 before all the LEADING 
SOCIETIES throughout the Kingdom engaged in the following Depart- 
ments of Research 

f I. Science Generally : Societies occupy- 
ing themselves with several Branches of 
Soence, or with Science and Literature 
Jointly. 

1 9. Mathematics and Phjrsics. 

1 3. C3iemistry and Photography. 

f 4. Geology, Geography, and Mineralogy. 

I 5. Biology, induding Microscopy and An- 
thropology. 



i 6. Economic Science and Statistics. 

$ 7. Mechanical Science, Engineering, and 

Architecture 
S 8. Naval and Militaiy Saence. 
§ 9. Agricultture and Horticulture. 
S xa Law. 
S XX. Literature 
I xa. Psychology. 
9x3. AxchsBoU^. 



$14. Mbdicinb. 



"Fills a very real want." — Engin€ering, 

" Indispensable to any one who may wish to keep himself 
abreast of the scientific work of the dsiy,^*— Edinburgh MediccU 
foumcU, 

** The YxAS-BooK of Socdetibs is a Record which ought to be of the greatest use for 
the progress of Sdence." — Z>gyrf PlaxfiUr, F.R.a., K,C,B., M.P,, PeuUPresidmi of the 
British AupciaitoH. 

"It goes almost without saying that a Handbook of this subject wiU be in time 
one o| most generally useful works for the librar y or the desk. "- -7'^ TVmm. 

"British Societies are now well represet te«> In the 'Year-Book of the Scientific and 
Learned Societies of Great Britam and Ireland.'"— <Art. "Societies*' in New Edition of 
" Sncydopaedia Britannica," vol. xxii.) 



Copies of the First Issue, giving an Account of the History, 
Organization, and Conditions of Membership of the various 
Societies, and forming the groundwork of the Series, may still be 
had, price 7/6. A/so Copies of the Issues following. 



The YKAR-BOOK OF sociHTigs forms a complete indbx to thb scibntific work of the 
sessioi«T"yS^^E^var?ou^^epartments. It is used as a Handbook in our great 
Scibntific Cbntrbs, Musbums, and Libraribs throughout the Kingdom, and has become 
an INPISPBNSABLB BOOK OF RBFBRBNCB to every one engaged in Scientific Work. 

READY IN OCTOBER EACH YEAR. 
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